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SCIURCCK  DESCRIPTION 
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PROPORTIONS  (-)  AMOUNT  (+) 


Trace  (tr) 
Littie  (II) 
Soma  (so) 
and 


0-10% 

10-20% 

20-35% 

35-50% 


ABBREVIATIONS 

t  =  fine  gr  =  gray  MS  =  Split  Spoon 
m  =  medium  bn  =  brown  BW  =  Screened  Auger 
c  =  coarse  b!k  =  black  HP  =  Hydropunch 


-ABB  Environmental  Services,  lnc.J 


SOIL  BORING  LOG 


Client:  USATHAMA 


Contractor:  p.u.  Date  Started: 


Method:  HS„4  Casing  Size:  fP  11 


Ground  Elev.:  Soil  Drilled:  ]  p)  pf_ 


Checked  by: 


Riser:  9,<(ft.)  I  Diam:  if1'  (ID) 


Protection:  "[> 


PI  Meter: IX.  ^3-  6VA 


Total  Depth:  i  -r. 


^  Below  Ground:  )Qt2 1- 'Pi 
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SOIL/ROCK  DESCRIPTION 


BLOWS/'S-IN. 


Trace  (tr) 
Little  (II) 
Some  (so) 
and 


V  -F  S..4WD,  cC% 

\zTd  bO/f.  ii?&?/se(A*i{fet 


PROPORTIONS  (-)  AMOUNT  (+) 


0-10% 

10-20% 

20-35% 

35-50% 


ABBREVIATIONS 

f  =  fine  gr  =  gray  MS  =  Split  Spoon 
m  =  medium  bn  =  brown  BW  =  Screened  Auger 
c  =  coarse  bik  =  black  HP  =  Hydropunch 


ABB  Environmental  Services,  Inc. 


SOIL  BORING  LOG 


Study  Area:  AOC  - 


Protection: 


Completed:  )D  "3  '9S~ 


PI  Meter: 3  ffVAl 


Total  Depth:  [0  pr. 


¥  Below  Ground:  jn  7  -pp; 
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PROPORTIONS  (-)  AMOUNT  (+) 


Trace  (tr) 
Little  (II) 
Some  (so) 
and 


0-1 0% 

1  C-20% 
20-35% 
35-50% 


ABBREVIATIONS 

f  =  fine  gr  =  gray  MS  =  Split  Spoon 

m  =  medium  bn  =  brown  BW  =  Screened  Auger 

c  =  coarse  blk  =  black  HP  =  Hydrcpunch 


-ABB  Environmental  Services,  Inc. 


cnii  RfiRiKih  r  nr; 

■  ■  ■■■ 

Study  Area: 

AC'C  51 

OwlL»  wwltlllw  laVU 

Boring  No.: 

5 TM  -  ^5  - 

Client:  lif.AEC- 

Project  No.  ~(y2— 

Protection: 

W)  CD  Yf-\  PhT? 

■22BXRIKH 

Date  Started: 

_ )ol  M  li  o' _ 

Completed: 

jnH  S 

BliiiMHi 

Casing  Size: 

maaem 

vs*mm 

PI  Meter: 

5>& Ori  TSafcii* 

Ground  Eisv.: 

Soil  Drilled: 

Total  Depth: 

13  retH 

Logged  by:  (^J&AX-eru 

Checked  by: 

^  Below  Ground:  £ 

Screen:  jQ  (ft-)  Riser:  4"  (ft.)  Diam:  (ID)  Material:  P'J  (5. 
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of:  | 
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ABB  Environmental  Services,  Inc.- 


9312005S  L7 


SOIL  BORING  LOG 


Project  No.  09l4l\  •  02- 


Client:  USPEO 


Contractor:  fr.L.  fllflyie-g.  Date  Started:  /0/3/«5 


Method:  tf.S-ti.  Casing  Size:  (.h 


Ground  Elev.:  Soil  Drilled:  2>Q  PgtrT 


Logged  by:  &  .  (laujcn)  Checked  by: 


Screen:  jC  (ft.)  Riser:  2  i  (ft-)  Diam:  4-  (ID)  Material:  pvo 


Study  Area:  /-)CC  O? 


Boring  No.:  ,57 /»  .  75--  C4X & 


Protection:  ^  /j,yr/el)  7> 


PI  Meter:  Jgp/?  775  ow 


)§£  Below  Ground:  ^  F<t£n _ 
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£  S  SOIl/ROCK/DISCHARGE  WATER  DESCRIPTION  § 


c  - p  !•  •  (nect.om  to  fv,*  cur»i  cr^c-nic 

^  0.2.  Sit-T-)  pearly  ^ rade<( ,  5  •  W’to  Co a.rss  So-nd, 

(Saci-  'fll°  P  l<*vH  orty,  ekemp ,  venj  lbose.|y£U*“j«h 

farouj>n  ana  dart,  tofouen, 

TapMff-  mf  Sandy  SlUT,  peer  lyyradtcb  iS-itf’Je  »>f 

SAMb  ,  ]0uj  plajHo.bji  rneis+  ,  ./tnj  leeee.dit,  fc,r»vun 
ferfom  l.2f+ ■  cm^SAND,  poorly  aroeled,  m«i»+  +« 

(  W^+  -  “  3fet+i  ,  loose.,5ubreond«d,  yelle»>Cak  brew 

5-1  ff-  cmj  SAtslb,  poor  ty  yradedj  S'ifine  growe.1, 

I  Q  0.2.  wet  ,  loose,  \|ellouJiih  broun  4o  do.te_vjo\iouoLih  -SP 
bro  wn  ,  SUO5 1  ooun  <Aed- 

di’A-  of<vj  SANb 

di(-Hir^5  4o  ^eUtiuJlsVi  b^own  SAMb 

an  SAND,  poorly  Aradtd,5Mi>fy  gravdl.wd-,  5p 

■5  6-2  loose  ,'jg,U0uJ\ah  bfown,  £u.b  angular" 


Uk$i  rj 


$  o-3  above 


,0  0.2  Above.  "X)«sc.ri p-pion  -  Sornaftni 

Sand  Cto^«) 


(jkk  (xi>  Above. 


931 2005 S  L7 


-ABB  Environmental  Services,  Inc.- 


SOIL  BORING  LOG 


Client: 


Contractor:  £>  p'Am:e_  Oate  Started: 


Method:  \\  p  . 


Ground  Elev.: 


Logged  by: 


Study  Area: 


Project  No.  -Q'L- 


Checked  by: 

Riser:  2 

:  i  (ft-) 

Diam:  \  (ID)  | 

Material: 


Protection: 


Completed: 


PI  Meter:  Tb-fcltc 


Z  f  ee~r 


^7  Below  Ground:  -7 
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SOIliRCCK/QISCHARGE  WATER  DESCRIPTION 


o  .2.  SAnJDj  poor  Lu  |  5  -  l dOo  fint  -U  mtd. 

tijT&fel,  vV£.+  V€rvJ  lo65«  Vj£IU^ 1 
TSw.bo.nqiUtfO'  1 


CuM-mgs  At  A  bo  tie 

tmf  5Awt>,  pcortw  graded  (.finer  4W,  we+-  cc 

8 '7-  loose. ,  'jluoiu  I  Sh  bi-O'Ain  ,  Su.bnnj  lJoj-  1  ’ 

£uvbn<js  A-s  Above 


3o  -  i.J  o  .z  r 

St  ice  A»«ve  Jie^c.ripVio/1 


Enjd  oF"Bo^^(5  3z  Peen" 


-ABB  Environmental  Services,  Inc.- 


9312005S  L7 


SOIL  BORING  LOG 


Client:  USATHAMA 


Ni-C  2_ 


Method:  U> 


Ground  E!ev 


i  "CnA&As 


Soil  Driiied:  'ZQ 


W y  I  Checked  by: 


Screen: 


fO  (ft.) 


On 


Protection:  T> 


Completed: 


PI  Meterrf^sSO  3  OVM 


Total  Depth:  -pjn  1 


¥  Beicw  Ground:  3.2 ! 


Page 


SCIL'F.CCX  DESCRIPTION 


U4tUj;  Vi/hj  ib  t  C-pt 

y?j' Miiu  !0% 


BLOWS/S-!  N. 


W6  : 

A  i&fcHc 


t-iQ-fr  c  r< 
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\>v?ja  n.  1 2 1  U<\$  — 
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5  .  f  i  '  /  V, 

/) 

PROPORTIONS  (-)  AMOUNT  (+) 

Traca  (tr)  0-10% 

Little  (II)  10-20% 

Soma  (so)  20-35% 

and  35-50% 


ABBREVIATIONS 

f  =  fine  gr  =  gray  MS  =  Split  Spoon 

m  =  medium  bn  =  brown  BW  =  Screened  Aucer 

c  =  coarse  bik  =  black  HP  =  Hydrcpunch 


ABB  Environmental  Services,  Inc, 


SOIL  BORING  LOG 

III 


Client:  U5ASC  _ |  Project  No.  Qqi4M-Q2. 


Contractor:  D.L .  MAHER  Date  Started:  toHhs; _ 


Method:  jJ.S.A. _ Casing  Size: _ 


Ground  Elev.:  Soil  Drilled: _ 2^  F£&r _ 


Checked  by: 


Screen:  [Q  (ft.)  _ 

?U  dST  W  . ” ~ 


Study  Area: 

Ao C  3?. 

Soring  No.: 

5 im-9S-  Ob'A 

Protection: 

fOodlFieb  £> 

Completed: 

i  0[4H5 

PI  Meter:  , 

58oA  T-£4r\y 

Total  Depth: 

23  F££-r- 

^7  Below  Ground:  >23  F 


CL  X 

at  o 

Q  Cfl 

OJ  LU 


UJ  S  SOIL/ROCX/OISCHARGE  WATER  DESCRIPTION  g 

C!  fl. 


I,g  fl.-Z  Top  1.4  f«e+-  rnf  4 1  5AUTS,  p«rty  graded, 

aa  -  2S%  S  .H  @  d<i£J-£Qii  IYJ  'OrtP)  - 
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stub  founded 
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SU-brawidcd 

jUt!  61aa  tcujer  -  l inch  •»***■  ©  Mf-t  hjs 
no  cdor  no-Vel 

^neSAMD.  fo^l^^'TOdGi.  lO-lS^omediiun  p, 


i a  o.i  Above  l)escnp^ion-  Scompleisaa 

N&k — ( ■  IL"  *■»  i  Rgg.  I  LudY&A  seme,  mectio-rn 


Sard,  L  ZStfo') 


'c  «  f!  S  'S 


fine  4o  mtdMMn  SJWB , poor \y  graded,  «M>«TtL  5p 
0.2  loose  ,  brownish  \je 'WW ,  3  ub  founded  (J.*-  isf«£fj 
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I  I  I  I 
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-ABB  Environmental  Services,  Inc.- 


9312005S  17 


SOIL  BORING  LOG 


Client:  [uS.  AfrVkj 


Contractor:^ L  .A^j^r"  |  Date  Started:  l0d>~95> 


Screen:  IQ  (ft.) 


t.  S 


Checked  by: 


Diam:  Lj  >'  (ID) 


2  /T\ 

z  3- 


•  ■Siudy-iVoa:-  AC'C*  3> 


Completed:  i/j_s'_q4_. 


PI  Meter:  -f~£  YJvH/J 


Total  Depth: 


Below  Ground: 
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SCIL'RCCX/OISCHARGE  WATER  DESCRIPTION 


TUTS  flr1,;  Infliy  -f  ~fo  w  SA'Vp  Midi 

'■  *  saa,  i%(jc  m  h'fh  & *  ^ 

Hay  ■ '  ^dtovisU  Vw/ytj  zyjt'Yv'c  J 
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2p/H 


H-b  TJ~«^ 

as 
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Mn&f-  Wv'Afndk  wide. 

$)h(  ~PsAy£>  vJtiUl 

9rM  3(Spo  01 H)  sGvfe  fkjil  - 

uitdiC  -fz>  \jJod~.  ^UZ^til//sL  ^ 

_ Id cum.  _ Q. _ ! 

1.3  id  U^ld'-  u  bdfoM  ^  ; 

c.z'  &  o-z.Qt'ti&fay 
%SrhriQ3-'  :  Gxwdllf;  *57  Mu  W.  ! 
_S4A£>  diMfC^kA,  idpcffmJL 
+*  i "/vW...  W04<r{*/d.  0  .  : 

tfjtawf,  s,t%d  '*■ 

_ aw*).  Ajxse./ a/a.  j&t iflIQsla. .ktoaa. - 

(•  t  0.(7  <h)n  -P  tv  mSAN?>/  'dyJ  siA-  - 

c  SAW)  led),,  W//}  VrVH/Mshc.  sm- 
w'Pt;  d&n$£  ?  zxftif&tej.  ~f2Wj  - 

G PuYU/XO  1  UflB&l  03'  L 
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_ M>p&A 

l.l  ?•£  'Ml  4^3 


I  /t 
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-ABB  Environmental  Services,  Inc.' 


9312005S  17 


WELL  DATA 


SOIL  BORING  LOG 


Client:  [LS.  Ayv'V;  ir /'kcW/’CV^aCayk.A  Project  No.  jMty-OZ 


Method:  "  ($$)  r4SA=»  Casing  Size:  (4 


Ground  Elev.: 


Screen:  ![/  (ft.) 


Soil  Drilled: 


Checked  by: 


Diam:  <-/  (ID) 


V '  3- ,.2.' 
t  1  4A 


Cc 


Boring  No.:  ?X 


Protection:  "fp 


Completed: 


OVM 


^  Below  Ground:  3.  jj~ 
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SOIL'RCCX/DIS  CHARGE  WATER  DESCRIPTION 


3  -j  20  th  f-  "fe  SA-ME*,  U/'^U  WU1H  , 
/C/H  lAwApsiiL.  !c&*  '^sddA>m 
isM&liiL  -hiyi .  _ _ j' 


O&^hj  -T'k  w  Ss\hlZ>j  \dAL(  pp&d&stj 
sjo  //f  59, 

\S%9\\K  ) 

-W) _ 


&  ~h>  N  ~pr- 


9312005S  L7 


ABB  Environmental  Services,  Inc.' 


WELL  DATA 


■pcfffl  Nor  -id  scale 


SOIL  BORING  LOG 


Client:  tf.S.  Aqyk, 


Date  Started: 


r-J  -.A,  A— 


Ground  Elev.: 


Soil  Drilled: 


Screen:  1 C  (ft.) 


is  ('r,E^ 


■  •Study1  Aroa:-  AlC- 


■  ■■  ST--- 


Completed:  I  ,  ;c*r- 


Pl  Meter:  ~fp 


Total  Depth: 


eSBmi 

Checked  by: 

^7  Below  Ground: 

Diam:  y  (ID) 

■Maas^saafl 

Page 

of: 

SOIL'RCCK/DISCHARGE  WATER  DESCRIPTION 


—  OTtr-fZ'  SiTl  I  boTi/V  /,'AC 

zCErff-  i ki&Jbi 

S&h-'H-O&S  rtrJ-  Utirtic&A  — 


—mef  -to  sou  con ^  t^r 
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^fAA^ET-Cm  '* T; 


ohi~r  <h<£{fy\ 


9312005S  L7 


-ABB  Environmental  Services,  inc. 


WELL  DATA 


SOIL  BORINGUDG 


Client:  [LS.  Af/VKj  ^/lpSYifS!QY'hl  CostkA  Project  No. 


Data  Started:  jQ-  fa  ~iS~ 


Ground  E!ev.: 


Soil  Drilled: 


Logged  by Checked  by: 


Screen:  \Q  (ft.)  ffliser/  (ft.)  Diam:  ^  '  (ID) 


Boring  No.:  S~hM "9 S~0 ' 


Protection:  ^ 


Completed:  jp-  jp-y 


PI  Meter:  j-p  <z£f}&  Q\JAA 


Totai  Depth:  3C' 


^  Below  Ground:  3.£;'3•, 
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-ABB  Environmental  Services,  Inc. 


WELL  DATA 


SOIL  BORING  LOG 


Client:  [uS.  Af/n.j  tyVir r?Y\/Ycyy: 


^ontractor:>,x .  A \aJ/a.t~  0ata  Started: 


Ground  Elev.: 


Screen: 


Date  Started:  /#- 1>  ~JjS 


Casing  Size:  (#  ' 


Soil  Drilled:  3 C‘  ' 


Checked  by: 


Diam:  "  (ID) 


-Study  Aroar- 

ACC  53- 

Boring  No.: 

5-7./M-95-C^B 

Protection: 

7> 

Completed: 

W'lC-JS 

PI  Meter:  ~fp  c 

Total  Depth: 

30' 

Below  Ground:  3,  (^3  ' 
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SOIL'RCCK/OISCKArtGE  WATE3  DESCRIPTION 


L<5  av 


C-C  <h\h  +'  S-4/\/Z>  dnJ.  jtf/i  M 

/5%  97 /f  Jw/AsU* ■&£.  3ty 


O-'O  0-0  O'  ylt 
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HzU'ri.  Aj^o&odic'vi  J 

77  pP  1  ojP  23  Z  \ 
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-ABB  Environmental  Services.  Inc. 


WELL  DATA 


SOIL  BORING  LOG 


Client:  [j.S.  Arm.;  Ca^cA  Project  No. 


Contractor:^. (. . bhaJs&r  Dat9  Started:  ) C~  h~9ST 


Method:  WSJ 


Ground  Elev.:  ^  Soil  Drilled:  30  * 


Logged  by.c^  Checked  by: 


Screen:  l{J  (ft.)  p-Riser;v{? V  (ft.)  Diam:  lj  '  (ID) 


Soring  No.:  3^-M-^S  ~C&£ 


Protection:  f;> 


Completed:  jQ-IC-^S~ 


PI  Meter:  ~fp  Q\/A/: 


Total  Depth:  ' 


¥  Below  Ground:  3.  ^3 
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SOIU'ROCX/OISCKARGE  WATER  DESCRIPTION 


,0  nr  ~f~v  -'H  54-^9  a-s  32-zV' 

ufkM ird)  ■  StfftvW  Q.Z  '  15  clJ^COfrol 
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.3  <?.£? I  SVF*  4-  SMj£>.  -MCc 


grav'd ' f 0  30  • -  *3^  ' 


93120053  L7 


ABB  Environmental  Services,  Inc.' 


WELL  DATA 


SOIL  BORING  LOG 

• 

Study  Area:  t\Q  q_  ~j 

Client:  *  T  4  r  ~ 

Hill  ll'WI^H  1  — 

Protection:  .  ~>i 

Contractor:  \3 

Date  Started: 

^•2?'  f 

Completed:  i  .  <p  ^ 

Casing  Size: 

— 

PI  Meter:  T(f  OUA^ 

Ground  Elav.: 

Soil  Drilled: 

2i  .0 

FT 

Total  Depth:  2  V  .  O  1  Ln  f 

ran 

Checked  by: 

1?E2- 

IH^&ii2^SS9B9H9K9ffi|[i 
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Diam:  2"  (ID) 

Material:  r^iTC 
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SOIL/ ROCK/O  IS  CHARGE  WATER  DESCRIPTION 
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SOIL  BORING  LOG 
PROJECT  OPERATIONS  PLAN 
FORT  DEVENS,  MASSACHUSETTS 

- ABB  Environmental  Services,  Inc.- 


931200SS  L7 


SOIL  BORING  LOG 


9312005S  17 


SOIL  BORING  LOG 


Study  Area: 
Boring  No.: 


4&L  S  7 


Client:  UsMC 

Contractor:  A-’/g 


Data  Started: 


>r?/h  -  a  x 


Protection:  /h  /£> 

Completed:  far 
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Screen:  /(j  (ft.) 
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Boring  No.:  S^F-Jfr-dlA-  -OlB 

Client:  A/v\,-  b-/V'r<ryifitY&l  Cor&r '  Project  No.  JlW-QZ 
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TEST  PIT  RECORD 
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TEST  PIT  RECORD 


Profile  Along  Test  Pit: - ^  X 


SKETCH  MAP  OF  TEST  PIT  PROFILE 
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NOTES: 


HBr-SPrNQA 
-PPM  A'-'P-Vj 


TEST  PIT  RECORD 
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DEPTH  (FT), 
NOTES:  - 
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-ABB  Environmental  Services,  !nc.- 
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TEST  PIT  RECORD 


Project  No. 


Test  Pit  — ^ 
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t  <V*1  ^  / 
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0  &  < 

■’  '  S  > 
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TEST  PIT  RECORD 


Profile  Along  Test  Pit: 
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TEST  PIT  RECORD 
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9312005S  L3 
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TEST  PIT  RECORD 


Site: 
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TEST  PIT  RECORD 


Test  Pit  - 
Coordinates 


: _ Project  No.:  jLL ^  V  “O'Z.  ° 

-V-  Time  End  JliOO 


*  SKETCH  MAP  OF  TEST  PIT  SITE 


* 

N> 


J  A, 


u'°  i 

;*t  uA! 

w  u  t- 

.  *  «  Jk 


I,, . 

jo  A 


it-*’9' 


fwVjri  r 


■-ss  v 

T*  £. 


w;* 


i^£1cALE" 

NOTES: - 


fa-1 .fl_  FT. 


Crew  Members: 


1.  3^^  (/)£5-<£r5) 

2-  /  //*-*  (e^eo) 


Monitor  Equipment: 

PI  Meter  <0  N 

Explosive  Gas  y  ,gv 

Avail.  Oxygen  Y  sp 

OVA  y  £ 

Other  _ 


9312005S  L  2 


fo  ZzzS  $ 


^  fuj  bis  f  p  3 


•c«s'KV  - — j» 


1 5  S-V. 


'  o  VHj  «,\ 


rc»x  8-SV 


\A 


Photogoraphs,  Roll  - 


Exposure  _ ^ 


-ABB  Environmental  Services,  Inc, 


TEST  PIT.  RECORD 


scale i‘=__:S__Fr  VV  i'  <->=>!•  A 

DEPTH  (FT). _ <*%'*'»•  *\  ** — T*-W5S. 

NOTES'Q\)  ^  -  /O  -iT^J  no.  I  Sample  Number  |  °»P" 

$ . w/  g  -  /(3  yl  ^  r :  Aru  '^)s-1  a**7'ZCC  o -i‘  Cpp^  OH 

^  ;  aJ^  \^<.7,kA  v'  I  *  /-v^1 


3-2.  Cj?o 


atV.  Ics 


l  ci.Apr  ^ 


So<\  V 


m 


o^c  <uwv 

•J  <g  o-('  «-><}  g  -j, 

U/v\  /  /cv>i..t  REFERENCE:  FIELD  BOOK,  Pg.  U  -  1^ 

^\*>£:sh  b^vn-  SP  ...  , 

/  ATTACHMENTS 

£y-<;  t>  SIGNATURE:  <^2 .  I 


*\  sYv-*- *  /? .  V  T 


VrQ.<‘U  Ivr  Vt  ' 

l  h-O**  :~S *■>  to 


)Uj  .-vA. 


-ABB  Environmental  Services,  Inc.' 


_' 


931 2005  S  L  3 


4. 


5. 

6. 

Monitor  Equipment: 
PI  Meter 
Explosive  Gas 
Avail.  Oxygen 
OVA 

Other  _ 


<3>  n 

Y  CS) 

Y 

Y  ($> 


s 


Photogoraphs,  Roll 


Exposure  - 


ABB  Environmental  Services,  Inc.- 


/vjo  SIGNATURE:  ^C\)  Q^v^g "w 

Uy,f  jjQ^  -  -*V»  p_:j-,  A  W  <Jwt  ,,U^S  „s  .g*,*  ^ 


- ; - : -  v  r<0  .->  +V-J?  L  ./, 

\  \  l  v  rw  <5^tlC 


(V^tfu'-^w^av^VC  ‘^S-S.Cv/X  ^ 

\<\  b^L  5SL^^>s-<£  '-^i.  it  G  ^’V 


931200SS  L3 


-ABB  Environmental  Services,  Inc. 


-TEST  PIT-RECORD 


Client: 


Test  Pit  - 
Coordinates 


.Project  No.:_ 


-20  - 


End  J£:3o 


SKETCH  MAP  OF  TEST  PIT  SITE 


/Of-uU 

U<r 

5  lowtlauT 


1  TxVp  ft) 


Crew  Members: 

I ' 

2-  /  (^trA^^o) 


/Wo  k 


NOTES: 


SCALE  r- 


>*3  -~ULv  FT. 


f^aa.  r'hOkiP 
*><■ 

5'7c~^‘S'LcfVs 


_ fa  $A,  ^ag-ip  x~X«;r9 

- kl&Agn _ ta _ po^C  W. 

V  W\  Uou 

L*-»cs\aA  \j~,  gJ> 


g>u>  SW 


Monitor  Equipment: 

PI  Meter  <£>  N 

Explosive  Gas  Y  cjq> 

Avail.  Oxygen  Y  <KP 

0VA  Y  (25 

Other  _ _ _ 


Photogoraphs,  Roll 


Exposure 


9312005S  L  2 


-ABB  Environmental  Services,  Inc.' 


TEST  PIT  RECORD 


s- 

LSI 

^ -  Data  — 

-2 

Project  No.: 

Time  — -  — —  End  -3_E^O 


FT. 


Vo  S'  V 


cX»\-Ajsf  V,  "Vt 


\S-  c.jsc^'O^S 


Crew  Members: 

1.  (%&&-£<?) 

2.  77^  SU K<^<- 


Monitor  Equipment:  • 

PI  Meter  /$  N 

Explosive  Gas  Y  /w- 

Avail.  Oxygen  Y  fKj 

OVA  y  B 

Other  _ !r_ 


Photogoraphs,  Roll 
Exposure  - 


A 


931 2C0SS  L  2 


-ASB  Environmental  Services,  Inc, 


TEST  PIT.  RECORD 


Profile  Along  Test  Pit:  — 

Sit*- _ AO c  S 7 _ 


SKETCH  MAP  OF  TEST  PIT  PROFILE 


/  yp'i  WClVH 


TEST  PIT  RECORD 


.  Project  No.:J 


6\juz~>  nv\  G->  ,  - 


rs’un  ^  <s~j*\Sra-*  <1^S  e  <  i  -%«> 


•Sov \  k> o~c N^S-  t  \\ i  —t  e^s.c.''—, 


^£-“5 /7~*~<j\ 


^+0’'  <^V1  JV  '*-0-5  Q.XOrt^vdl'^i 


Crew  Members: 


1.  3^^  ^wCo^o-t.  (/}£&-<irS) 

2-  /  ;^*->  Sil<K^.>r 


Monitor  Equipment: 

PI  Meter  ££  N 

Explosive  Gas  y  ^ 

Avail.  Oxygen  y 

OVA  y  br¬ 
other  _ 


Photogoraphs,  Roll 


Exposure 


931200SS  L  2 


-ABB  Environmental  Services,  !nc.' 


SCALE  r  =  Lb 
DEPTH  (FT)“~ZS3 

NOTES:  _ 

/O  •/$*/<*  $ 


S  ft.  6l  i '  (ior  iZc-r’i'A 


lERSWfgg 
■H3W7TO! 
£EII93^VSi 


Depth 

(Ft.) 

HD.  SP.  VOA 

PPM 

<?H‘ 

wtn&nfsa 

3> 

*  Sv»A  o<Wc 


c’rCiVi  C3 
si 


r-\t>  t  :> 
0?<3\s 


/Kg, ^ v 

V  M  A  j-  |  oo4a  \  I  f  >jfi  ¥ 

b&i^=y  ^yj<zA 

goXa^S-^^  .  5b*^/»U 


oa  A  ^<.LaO.  *XA^\  C)  \VccA 


W\i2^  ^<_G-  'Va.^U, 

b-<u=uH  <^;'nC7  8  -1 

^  *  TV*. 


(jr  ^oi_4pS*~ 

£.'■»  \  'l  *.  cS  -Osa  -s-N  A 
«o »r  ■  'A 

REFERENCE:  FIELD  BOOK.  Pg.  i  7 


ATTACHMENTS 

SIGNATURE: 


9312005S  L3 


-A3B  Environmental  Services,  inc. 


TEST  PIT  RECORD 


<Z^\  C  t?  *»  -X  'Ij'J 


93120053  L 2 


£=. _ Project  Nln  • 

-  2inll  Time  AilSkO  End  _LL:  VD 


Crew  Members: 


1 .  3^^  T^Cobso-x.  (A,  S5  *4r  5) 

2-  77^  (f^o) 


Monitor  Equipment: 

PI  Meter  <£)  N 

Explosive  Gas  Y  ✓[<> 

Avail.  Oxygen  y  C3> 

0VA  Y  Si 

Other  _ __ 


Photogoraphs,  Roll 


Exposure 


-ABB  Environmental  Services,  Inc. 


TEST  PIT.  RECORD 


Profile  Along  Test  Pit: 


SKETCH  MAP  OF  TEST  PIT  PRO£IL 


cK 


SCALE  V  =  £  FT.  ho?  >'S«  A  'A 

DEPTH  (FTi.  <  C4  V  J 


NOTES:  - - - - — 

_ ^> ,  \  V m,  S^V<^  >  <Vt,Ng&.c 


no.  Sample  Number  Deptf1  HD.  SP.  VOA 

_ [Fn _ ppm 

s-i  tij‘5 l'7QO  o-iJ 


*  8  UaX  Vcv^A>y :  S\sq-t«s  v 


v’er 


;  o  \W&  op-tS  ;  £?  Vv*iv.j 
Vo  h <  A  jA  p  r.on.  — > 

■  SV  W<-V>  oA  Am _ 

<Av  \  S  t  _ 


VC'W  Q  C? 


REFERENCE:  FIELD  BOOK.  Pg.  17- 


ATTACHMENTS 


■Vo  ^  SIGNATURE:  <4?j)  /2  1 


9312005S  L3 


.  5  ^CO-lC\  =0\ 

,  SoL^p\<. 

V  *vV-W  ,  6^»c«v\.«T  *as>vc^ 
^  V  cUi<-S 

_ <xN  -  u>  >wt , 


ABB  Environmental  Services,  Inc.- 


TEST  PIT  RECORD 


cVSkSUA* 


vAr,  « c.S  v  ^ 


93120053  L 2 


-ABB  Environmental  Services,  Inc, 


TEST  PIT.  RECORD 


Profile  Along  Test  Pit: 

/\OC  S7 


'7£~3£-  l^y 


T^P'  c<A 

SKETCH  MAP  OF  TEST  PIT  PROFILE 


3; 


HV 


TEST  PIT  RECORD 


Client: 


Test  Pit 
Coordinates 


.  Project  No.:— 3 
„  N'rCQ 


SKETCH  MAP  OF  TEST  PIT  SITE 


Crew  Members: 


A  -o 

N  » 


i.  3*^  T^o^so-t.  (y} 

2-  77^  <;u^.r  (e^£o) 


SCALE  1"  =  FT. 


NOTES: 


Monitor  Equipment: 

PI  Meter  Q  N 

Explosive  Gas  Y 

Avail.  Oxygen  Y  £3 

OVA  y  y 

Other  _  ^ 


~7j,aV  ^  ^)p<ox;  _ •  Oth  Gr  _ 

/O  lo-**)  ,  c<as.s«j<,^v  _ 

)<Jlh  I^Wg,  ^S<?u->4  *^C< 

_ \/rdfS? _ _  Photogoraphs,  Roll 

Exposure  - 


93120053  L  2 


-ABB  Environmental  Services,  Inc.- 


TEST  PIT.  RECORD 


Profile  Along  Test  Pit:  ■ 

Sits: _ AOC  S7 _ 


2  of  2 


•"p N^p  ice«A  <*X\  iaJoA\^ 
SKETCH  MAP  OF  TEST  PIT  PROFILE 


1 

Hi  cA 

V 

fji^i 

• 

© 

1 

(^Vov/-)^  > 

SS9H 

— 

3  v 

BRiWl 

SCALE  T  =_ 
DEPTH  (FT)._ 

NOTES: 


ft.  1. '  j-A 


'£  <o  i  \  V 


(fiyi  S  i  Scr-ik  *  pg>tK\n  g^c-^v^a^ _  I tr  na 

20~2£^  Si'-ouS  ^  vq,r^  « rK  (S 1 S-1 


\rtu  in -yo  w-A  5/ 


A 


IX 


~? 

>c-  ovS  -Taa' 


g)  ^  WY  V^y<j 

_  S<L  qV  ■  O  c  r 


f)<0  n<?T  »  oLr 


V  *  Oi  ^3  W 


P\ 


ft 


£3.0 


VII 


;  5<3»'l  vk^'vv 


'Via  i  5  t, 


IT 


/ 

no. 

Sample  Number 

Deptfi 

(Ft.) 

HD.  SP.  VOA 

PPM 

sisa 

WSHtSM 

on 

BS9 

kg4Jl-fcg 

mm 

■RKTtSai 

gi2M 

HBH3EE53 

mia 

d\  p/'s 

iasa 

■  ■ 

■ 

|  b-o 

fiH 

Im 

CT*-i| 

Cin| 
O  nj 


-?  «?tv 

-ST}.? 


"rv1  ^ - : - 

(d  y  So— 


VlU.  lA^Ot 


A 


5<^— pVg  oaNVax-V^A 


Uj, 


oOAjVls  QfwOs^V<  I  itV'JkX  •  '  l  aoSjL 

t  .-^V  V*?  <^x\Va~»\sl  ^<0^1  SP 


REFERENCE:  FIELD  BOOK,  Pg.  1  £  -*  Q 
ATTACHMENTS  Mo  u. 

signaiurb  i 0&La^ 

is 


9312005S  L3 


ABB  Environmental  Services,  Inc.' 


TEST  PIT  RECORD 


3  4.  •a.'V  ( a  <=*_5  V  2  ^  V 


cLof  2 


_ Project  Mn  ;_Lt_I 

Time  — ^  ■  End  -LS. *  3  O 


Crew  Members: 


2-  /  >  ^(•cK^x.'r  (^fc-M^o) 


Monitor  Equipment: 

PI  Meter  <£)  N 

Explosive  Gas  Y  <qd) 

Avail.  Oxygen  Y 

0VA  Y  S 

Other  _ _ 


Photogoraphs,  Roll 


Exposure 


931 2005S  L  2 


-ABB  Environmental  Services,  Inc.' 


Profile  Along  Test  Pit: 


SKETCH  MAP  OF  TEST  PIT  PROFILE 


6--t  fv-je 


,  FT.  iM;l'  hot*'. zc-»V'A 

\v  ^  r 


•5^;  \ 


Sample  Number  0sptfl  HD'  S?'  V0A 
(Ft.)  PPM 


ood  o-r 


\*»  /0?«5  -t, 


•Vo  b*.  5s=?-\  V^'-S  loos 

ry1<i^.<lu>~,  w/  CQQ^  Sc>-.4  >  ^>Q<3ctvj 

Vo^bia-  j  \i(lvl  V  JNO  ■•^-A-Wo^ss'L,  btb-'T.  £  Z3 

— - T— 1T - : -  '  REFERENCE:  FIELD  BOOK.  Pg. 

p/  Q  ob'^cXs  siy^fifl^  (;  ck^c-goA 

FT  d  v  TT  ..  ATTACHMENTS 

r0  &VsYXfl  _ 

KAvok^  _  SIGNATURE: 


A CtCfiM 


SIGNATURE: 


v-  U- 


/  (a^c\5  n 

N  Ys^  piV 


9312005S  L3 


-ABB  Environmental  Services,  Inc. 


ABB  Environmental  Services,  !nc. 


TEST  PIT  RECORD 


Site:  _  hOC  57 _ 

_ Client:  .  _ kh  C.  Prnjflct  Mn  ■  <?!  1  °f  2 

Test  Pit  - S-7..C  -  2z.)< -  Date  Time  End  JLQJ/O 

Coordinates  — — . — ■  - . . 


■ABB  Environmental  Services,  Inc.- 


9312005S  L  2 


TEST  PIT  RECORD 


Profile  Along  Test  Pit: 


SKETCH  MAR 


=X3^TEST^TPF 


PROFILE 


scale  r  =  £  Ft.  v<i<r^oA\j  l"c  i1  /nor : 2 c -A -A 

DEPTH  (FT).  /A 


NOTES. 


5U<H  VOO<^ 


4oci  T* 


{ToA  cO-Atfo 


•SO>vu^  Ov. 


.  T<3  T  >'  a-t 


iOq^rlii  c.  j;  ^ -/i>  ^<1 

r^.v.  vila^L?  ^7  «Itm  S  P. 


v-^kV»c  <^q^Qin\  vCh 


Sto  ft 


Iv  v 


Dap*  HD.  SP.  VOA 
(Ft.)  PPM 


FS7JZ^0  o~r  &{>P*-\ 


S-2  |£F 


REFERENCE:  FIELD  BOOK,  Pg.  2 0 


ATTACHMENTS 


SIGNATURE:  A 


ABB  Environmental  Services,  inc. 


9312005S  L3 


TEST  PIT  RECORD 


Test  Pit  - 
Coordinates 


p  a  V 'i'>i  >4^  V 
SKETCH  MAP  OF  TEST  P1T.SITE 


1 

/ 

c9 

^  ;  r 

c>  n  ^ 

3  ^L> 
03 

_ _ _ =2- 

V,  1C.  50^' 

*t/ 

-  V*  s  7£M 

s-zzy 

SCALE  r  =  fUz>.-isu  FT. 


NOTES: 


1  0><\  A/ll 

tCSSE&^nniCHUH! 

A-x.-n 

i  n 

r"  ^X  C<5.Ui 

KESifl 

(,o\  <: 

-  — t? 

_ &2_ 

C\  .  fV>0 

Project  No,  ^1of2 


Time  J^2lS2. .  End  MX-Sd 


Crew  Members: 


1 .  3^-^  T^co^o-t.  (/) £5 

2.  77^  <;io.g^  (e/op^o) 


Monitor  Equipment: 


PI  Meter  ££>  N 

Explosive  Gas  y  <Qj 

Avail.  Oxygen  Y  ^ 

0VA  Y  <B 

Other  _ 


Photogoraphs,  Roll 


Exposure  - 


A J^-xa 


ABB  Environmental  Ser/icas,  Inc.' 


931200SSL2 


TEST  PIT  RECORD 


SCALE  1"=  -£T  FT.  V4^;ov.\j  l"r  i'  ho  r  <  2C  -A 

DEPTH  (FTV  U\*l 


NOTES:  — 

fc) 


C~l' 

no.  I  Sample  Number  I  °*P*f  I  HD.  SP.  VOA 
!  I  IFt. L>  PPM 


9312005S  L3 


ABB  Environmental  Services,  Inc. 


SCALE  1"  e  -5"  FT.  l"r  i' 

DEPTH  (FIT  /flS~ 


NOTES: 


no.  Sample  Number  j 


raiajre35gjTT5 


HD.  SP.  VOA 
PPM 


IV-l -V<  2/t9\ 

\->  \h.S  ~2kO*&,  <N\» _ 

— — - - -  REFERENCE:  FIELD  BOOK,  Pg. 

£<v I^e,  AT  r ^v£ *><>C  c4g3»r£. 

v  v  _i  ,  ,  .  ATTACHMENTS 

(g)  ^todi  coU<-  O.A 

icl)*.  «M  ^uA  o'A  ->  Sch^I-i  <C'/IU<Va^igNATL1RE:  vvP 


,0-<^5a  \  ^saA<z.c^  A; 

i  *■>  <2  V?  ^ 

^fVs,  <)  1  J  3"  h 


0^  r 


O' 1  \  ■*■  ° 

-v 


_  A  P  P  CT  fl  If  1  rt  r*n  A  aIa  I  C  A  nfi  AAA 


9312005S  L3 


£?(<- 

TP-L 


TEST  PIT  RECORD 


Test  Pit  - 
Coordinates 


SKETCH  MAP  OF  TEST  fIT  SITE 


-  S'3- 


4  id- ^ 


Project  No.:-^i HL4~'a'Z-  1  °  2 


Crew  Members: 


1 .  Jo.  Va.  so-t.  (a,  65  -<£: 

2.  /  ,^-y  5>l<v^.>r  (^trA^^o) 


/  V  A^pc^ 


JciC,' 

T*  <j-3A?  -h3  -£<V 


***** 


NOTES: 


SCALE  1"  =  FT. 


Monitor  Equipment: 

PI  Meter  ££>  N 

Explosive  Gas  Y  <$J) 

Avail.  Oxygen  y  rS? 

OVA  v  58 


S5i  o 


Photogoraphs,  Roll 


Exposure  - 


AO^vj. 


S.  i'V- 


931200S3  L  2 


ASB  environmental  Services,  Inc. 


Test  Pit 
Coordinates 


TEST  PIT  RECORD 


Client: 


Project  10,2 

ne  _\3  ~  70 —  End  jj£  -  j  5“ 

6U^T375/ 


SKETCH  MAP  OF  TEST  PIT  SITE 


(0>  5  — 0 


Crsw  Members: 


A'  * 


43 

<z 


1 .  3^. lea  (i\  ££?  -4r  ^ 

2-  77^  (tFM^o) 


v  aX^* 


SCALE  r  : 


FT. 


NOTES: 


i>  T  ^DTj  tpy » 


Monitor  Equipment: 

PI  Meter  <£,  N 

Explosive  Gas  y  ^ 

Avail.  Oxygen  Y  /fa> 

0VA  Y  % 

Other  _  ^ 


Photogoraphs,  Roll 
Exposure  - 


AJ^ut 


93120055  L  2 


-ABB  Environmental  Services,  Inc. 


TEST  PIT- RECORD 


Profile  Along  7esi  Pic: 
site-  _ /^Q6  S- 


r~7  C-or.  /7  C  V 

V  _ LJ _ _ _ _  »■> _ Ljv 


SKETCH  MAP  OF  TEST  PIT  PROFILE 

f'-i' lA  **-'-*>  k> 

^7  ^  ^ _ 


>cC5T^rVt 

XTT' 

LWjikv,  rf> 

*  l  hj  *"-<3  . 


-5 


-  £4  6* 


SCALS  r  = 

jS" 

i.1 

't  1'  ^f‘2ci\'s\ 

DEPTH  (FT). 

I2-  / 

tfjL y/ 

A/nTPCj. 

1  c 

(N  S>UV 

\ 

\  <3  r 

/d-nC% 

Sample  Number  Deptfl 
(Ft.) 

HD.  SP.  VOA 

PPM 

k}C>w<  a  *\\  va->  i 


<o  cSC-cVl.  Vd  VcDv>^  -) 


9312005S  L3 


93120053  l  2 


ABB  Environmental  Services,  Inc, 


TEST  PIT  RECORD 


Test  Pit 
Coordinates 


q\<4L/-dZ  l0f2 


Lil  End  MLVO 


SKETCH  MAP  OF  TEST  PIT  SITE 

i  T~ 


t  ul A 


x*  l" 


+• O 

Ol  -> 


i  V  »'■)  V 


Crew  Members: 

1 .  3^  -t,  ft£5-^s) 

2-  77^  (ew3^ o) 


*3C 

i. 

* 

! - -Tt/C 

-v-  4W 

V*  ■v\j.c 

y 

\r 

*  P  ic^-r)  *  • 

r 

r 

(WINtJ 


NOTES: 


*si  <„ 


SCALE*!'- 


•'Ul-  FT. 


Monitor  Equipment: 

_flv  PI  Meter  /?x  M 

,■*  T.„  Explosive  Gas  Y 

i*-*.  Avail.  Oxygen  Y  ^ 

-  0VA  Y  % 

Other  _  ^ 


9312005S  12 


-ASS  Environmental  Servicas,  Inc, 


-ABB  Environmental  Services.  Inc. 


9312005S  L3 


TEST  PIT  RECORD 


m 


Project  No. 


Coordinates 


SKETCH  MAP  OF  TEST  PIT  SITE 


Crew  Members: 


■  r  io'  le*^, 1.  y/ 

N«j!wy^  2  5 

Jj  s\of^ 

I  —  TivtV.5f.iftj  3- 

j -  5C ZO*  5 7fr-‘?T-2‘j  t 

L  ^3 

g£  7E-nS-2^  X  to/T 6^  ^  ^ 


W07ES: 


SCALE  1  “ . 


Monitor  Equipment: 

P!  Meter  ^T)  N 

Explosive  Gas  N 

Avail.  Oxygen  Y  n 

OVA  i  m 


y  Uv/  to i 


931200SS  L  2 


Photogoraphs,  Roll 


Aogt^a. 


-ABB  Environmental  Services,  Inc.' 


TEST  PIT  RECORD 


Profile  Along  Test  Pit:  — 


SKETCH  MAP  OF  TEST  PIT  PROFILE 


\zj£s  i 


(d  $ 


~  Ca 
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1.0  Introduction 


Geophysical  surveying  was  completed  over  AOC  57  at  the  former  Fort  Devens  in  Ayer, 
MA.  Geophysical  work  was  conducted  in  two  separate  areas  in  September  1995  and 
August  1996.  Several  geophysical  techniques  were  employed  at  AOC  57  to  screen  for 
the  presence  or  absence  of  buried  waste  at  the  site. 

2.0  Equipment  and  Survey  Methodology 

Four  types  of  geophysical  surveys  were  conducted  at  AOC  57  and  include  an  EM-61 
Time  Domain  Metal  Detection  survey,  an  EM-31  electromagnetic  ground  conductivity 
survey,  a  GEM  gradiometer  survey,  and  a  ground-penetrating  radar  survey.  A  Geonics, 
Inc.  EM-61  High  Resolution  Time  Domain  Metal  Detector  was  used  to  determine  the 
presence  of  ferrous  as  well  as  non-ferrous  metallic  wastes.  A  Geonics,  Inc.  EM-31 
Electromagnetic  Ground  Conductivity  instrument  was  used  to  detect  the  presence  of 
conductive  wastes.  A  GEM- 19  gradiometer  was  used  to  measure -deviations  in  the 
earth’s  magnetic  field  to  determine  the  presence  of  ferrous  objects.  A  GSSI  System  DI 
GPR  unit  equipped  with  a  500  megahertz  antenna  was  used  to  profile  selected 
electromagnetic  and  magnetic  anomalies. 

Prior  to  geophysical  surveying  a  50  by  50  foot  grid  was  established  using  a  tape  and 
compass.  Pin  flags  and  blaze  orange  marking  paint  were  used  to  identify  grid  nodes. 
Data  was  collected  with  reference  to  the  preestablished  survey  grid  by  pacing.  EM-31 
and  EM-61  surveys  were  conducted  concurrently  along  survey  lines  spaced  ten  feet  apart. 
EM-61,  EM-31,  and  gradiometer  measurements  were  collected  every  five  feet  along  each 
survey  line.  GPR  data  was  collected  along  selected  lines  in  order  to  profile  EM-31  and 
EM-61  anomalies.  EM-31  and  EM-61  data  was  collected  with  data  loggers.  Data  was 
downloaded  to  a  computer  and  processed  using  various  geophysical  software  applications. 


3.0  Results 


The  lateral  extent  of  geophysical  surveying  is  shown  on  the  attached  Figures.  EM-31, 
EM-61 ,  and  gradiometer  surveying  indicated  the  presence  of  several  anomalies  across  the 
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survey  areas.  The  most  prominent  anomalies  are  contemporaneous  with  the  escarpment 
which  parallels  the  drainage  area  bordering  the  southern  portion  of  the  site.  This 
suggests  that  whatever  materials  were  dumped  in  this  area  appear  to  have  disposed  of  just 
over  the  edge  of  the  bank.  Surface  debris  was  observed  along  the  escarpment  and 
included  motor  vehicle  parts,  glass,  concrete  with  rebar,  and  razor  wire.  Test  pitting 
was  conducted  at  selected  locations  of  high  amplitude  EM  anomalies  that  could  not  be 
attributable  to  the  presence  of  surfacial  metallic  objects  or  debris. 
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D.1.0  INTRODUCTION 


This  Data  Quality  Report  (DQR)  provides  a  detailed  data  quality  assessment  for 
off-site  analytical  data  generated  during  site  investigations  conducted  at  Fort 
Devens  during  the  fall  1995  at  Areas  of  Concern  (AOCs)  57,  63AX,  and  69W. 

The  DQR  also  addresses  data  collected  in  February  of  1996,  during  the  Round  2 
Groundwater  sampling  event  at  AOCs  57,  63AX  and  69W.  The  data  quality 
assessment  for  the  Round  2  Groundwater  sampling  event  is  presented  separately 
within  this  report. 

Samples  collected  during  the  investigations  for  off-site  laboratory  analyses  were 
submitted  to  Environmental  Science  and  Engineering  (ESE),  Gainesville,  Florida. 
All  laboratory  data  generated  during  the  sampling  programs  were  reviewed  in 
terms  of  data  quality  objectives  (DQOs)  established  in  the  Fort  Devens  Project 
Operations  Plan  (POP)  (ABB-ES,  1995),  published  analytical  methods  (USEPA, 
1988a;  USEPA,  1989a)  or  applicable  USEPA  data  validation  guidelines  (USEPA, 
1988b;  USEPA,  1989b).  DQOs  refer  to  a  set  of  qualitative  and  quantitative 
statements  that  assess  the  data  generated  during  the  sampling  and  analysis  phases 
of  the  project.  The  DQOs  are  defined  by  the  parameters  of  precision,  accuracy, 
representativeness,  completeness,  and  comparability  (PARCC).  These  parameters 
present  an  indication  of  the  data  quality,  and  the  confidence  that  a  particular 
compound  may  be  present  or  absent  in  an  associated  environmental  sample.  This 
report  describes  the  analytical  methods  performed  at  the  on-site  and  off-site 
laboratories,  and  presents  an  assessment  of  data  quality  and  usability  for  samples 
collected  during  the  field  investigations. 
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D.l.1  Off-site  Laboratory  Analytical  Methods 

Subsurface  soil,  sediment,  groundwater,  and  surface  water  samples  were  collected 
during  the  1995  Fort  Devens  Site  Investigation.  Groundwater  samples  were 
collected  during  the  Round  2  sampling  event.  Samples  were  analyzed  for 
chemical  parameters  on  the  Fort  Devens  Project  Analyte  List  (PAL).  The  PAL 
and  analytical  methodologies  are  outlined  in  the  Fort  Devens  POP  (ABB-ES, 
1995).  The  analyses  performed  are  summarized  on  Table  D-l. 

The  USEPA  has  recently  identified  two  general  levels  of  analytical  data  quality, 
Screening  with  Definitive  Confirmation  and  Definitive  Data,  which  replace  the 
former  five  levels  of  data  quality  (USEPA,  1993).  All  off-site  laboratory  data  are 
considered  Definitive  Data. 

The  contract  laboratory  which  completed  analyses  of  all  off-site  analytical  samples 
was  Environmental  Science  and  Engineering  (ESE),  Gainesville,  FL.  All  analyses 
run  by  the  contract  laboratory  were  completed  implementing  the  1990  U.S.  Army 
Toxic  and  Hazardous  Materials  Agency  (USATHAMA)  QA  Program 
(USATHAMA,  1990).  Method  performance  demonstration,  data  management, 
and  oversight  for  USATHAMA  analytical  procedures  are  currently  performed  by 
the  U.S.  Army  Environmental  Center  (USAEC).  A  discussion  of  AEC-certified 
methods  used  by  ESE  Laboratories  for  samples  collected  at  Fort  Devens  is 
provided  in  Section  7.0  of  the  Fort  Devens  POP  (ABB-ES,  1995)  and  methods  are 
listed  in  Table  D-l.  This  table  includes  a  description  of  the  methods  used  as  well 
as  equivalent  EPA  methods,  where  they  exist.  The  USAEC  method  numbers  (i.e., 
method  JS16)  are  specific  to  the  project  and  to  the  particular  laboratory 
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performing  the  analyses.  For  some  analyses  standard  USEPA  methods  are  used. 
These  methods  are  also  indicated  on  Table  D-l. 

A  detailed  discussion  of  the  USAEC  laboratory  QA  program  is  presented  in 
Section  3.0  of  this  RI.  The  laboratory  must  document  proficiency  using  each  of 
the  methods  by  meeting  USAEC  performance  protocols.  Once  the  laboratory  has 
demonstrated  this  proficiency,  they  become  certified  to  perform  that  particular 
method.  It  is  through  this  certification  process  that  certified  detection  limits 
(CRLs)  are  established.  CRLs  for  USAEC  methods  and  reporting  limits  (RLs) 
for  standard  USEPA  methods  are  presented  in  Appendix  B  of  the  Fort  Devens 
POP  (ABB-ES,  1995). 
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D.2.0  OFF-SITE  LABORATORY  QUALITY  CONTROL  BLANK  RESULTS 


A  quality  control  review  was  completed  for  off-site  QC  blanks  including  method 
blanks,  rinse  blanks  and  trip  blanks  which  were  analyzed  at  an  off-site  laboratory. 
Blank  samples  provide  a  measure  of  contamination  that  may  have  been 
introduced  into  a  sample  set  either  (1)  in  the  field  while  samples  were  being 
collected  or  transported  to  the  laboratory,  or  (2)  in  the  laboratory  during  sample 
preparation  and  analysis.  This  discussion  is  intended  to  provide  an  evaluation  of 
data  generated  at  this  laboratory  based  on  method  blank  and  field  quality  control 
blank  data. 


D.2.1  Method  Blanks 

Method  blanks  were  analyzed  at  the  laboratory  with  each  lot  of  samples  to 
evaluate  if  sample  processing  and  analysis  resulted  in  sample  contamination. 
Method  blanks  were  performed  for  both  water  and  soil  samples  for  the  following 
chemical  classes:  inorganics,  VOCs,  SVOCs,  pesticides/PCBs.  Method  blanks 
were  also  analyzed  using  USEPA  methods  for  hardness,  alkalinity,  TOC,  TPHC, 
IDS,  and  TSS. 
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D.2.1.1  Inorganics 

Four  aqueous  method  blanks  were  analyzed  by  the  laboratory  for  PAL  inorganics 
during  the  1995  Field  Investigation.  During  the  Round  2  Groundwater  sampling 
event  three  aqueous  method  blanks  were  analyzed.  All  results  for  aqueous 
method  blanks  were  below  the  respective  CRLs  indicating  there  was  no  inorganic 
contamination  introduced  at  the  laboratory. 

Three  soil  method  blanks  were  analyzed  in  association  with  field  samples  from  the 
1995  Fort  Devens  Investigation.  Several  elements  were  detected  in  soil  method 
blanks.  The  frequency  and  concentration  ranges  of  elements  detected  in  these 
blanks  are  summarized  in  Table  D-2.  All  results  for  mercury,  selenium,  arsenic 
thallium,  antimony,  silver,  beryllium,  cadmium,  copper,  chromium,  cobalt,  sodium, 
nickel,  lead,  vanadium,  and  zinc  were  below  the  CRLs. 

Soil  method  blank  analyses  were  conducted  by  the  laboratory  using  a  USAEC 
approved  soil  as  the  matrix.  A  Rocky  Mountain  Blend  soil  type  was  used.  The 
high  frequency  and  concentrations  of  many  of  the  inorganics  are  due  to 
background  levels  inherent  in  this  soil  and  are  consistent  with  previous  data 
collected  from  analysis  of  this  soil  blend.  As  a  result',  elements  reported  for  soil 
method  blanks  are  not  believed  to  represent  laboratory  introduced  contamination. 

Based  on  soil  and  aqueous  method  blank  results,  significant  inorganic 
contamination  was  not  introduced  during  laboratory  handling  and  analysis. 
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D.2.1.2  VOCs 

Method  blanks  were  run  with  each  lot  of  water  and  soil  samples  to  determine  if 
VOCs  were  introduced  during  laboratory  handling  and  analysis. 

Seven  aqueous  method  blanks  were  analyzed  for  VOC  contamination  during  the 
1995  Field  Investigation.  No  target  compound  results  were  above  CRLs  with  the 
exception  of  acetone,  methylene  chloride,  and  chloroform.  The  concentration  and 
frequency  of  detection  for  these  compounds  are  shown  in  Table  D-3. 

Acetone  and  methylene  chloride  are  considered  common  laboratory  contaminants 
(USEPA  1988b)  and  were  likely  introduced  during  laboratory  handling. 
Chloroform  is  commonly  produced  in  chlorinated  drinking  water  supplies.  The 
source  of  the  chloroform  in  method  blanks  could  potentially  have  been  the  off-site 
laboratory.  These  results  indicate  that  low  concentrations  of  acetone,  methylene 
chloride,  and  chloroform  may  have  been  introduced  during  laboratory  handling. 
Field  samples  collected  at  Fort  Devens  during  the  1995  Site  Investigation  with 
detections  of  these  compounds  at  similar  concentrations  may  not  be  representative 
of  site  conditions. 

Three  aqueous  method  blanks  were  analyzed  for  VOC  contamination  during  the 
Round  2  Groundwater  sampling  event.  No  results  for  target  VOCs  were  above 
CRLs. 

Ten  method  blanks  were  analyzed  for  VOCs  in  soil  during  the  1995  Field 
Investigation.  No  method  blank  compound  results  were  at  concentrations  above 
the  CRLs  with  the  exception  of  toluene.  Toluene  was  detected  in  two  out  of  ten 
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method  blanks  at  concentrations  ranging  from  0.00096  ptg/g  to  0.001  /tg/g.  Theses 
results  indicate  that  low  concentrations  of  toluene  may  have  been  introduced 
during  laboratory  handling.  Field  samples  collected  at  Fort  Devens  during  the 
1995  Field  Investigation  with  similar  concentrations  of  toluene  may  not  be 
representative  of  site  conditions. 

D.2.1.3  SVOCs 

Five  aqueous  method  blanks  were  analyzed  for  SVOC  contamination  during  the 
1995  Field  Investigation  and  three  during  the  Round  2  Groundwater  sampling 
event.  The  concentrations  and  frequency  for  compounds  detected  in  aqueous 
method  blanks  are  outlined  in  Table  D-4.  With  the  exception  of  diethyl  phthalate 
and  bis(2-ethylhexyl)phthalate,  no  target  SVOCs  were  reported  at  concentrations 
above  CRL  values.  Phthalates  are  referenced  as  common  laboratory  contaminant 
by  the  USEPA  (USEPA,  1988b).  Concentrations  of  diethyl  phthalate  and  bis(2- 
ethylhexyl)phthalate  reported  in  Fort  Devens  field  samples  may  have  been 
introduced  as  laboratory  contamination.  Dioctyl  adipate  (hexanedioic  acid), 
dioctyl  ester,  and  toluene,  which  are  tentatively  identified  compounds  (TIC)  or 
non-target  SVOCs,  were  also  detected  in  method  blanks. 

Twelve  method  blanks  for  soil  were  analyzed  for  SVOC  contamination  during  the 
1995  Field  Investigation.  The  concentrations  and  frequency  for  compounds 
detected  in  soil  method  blanks  are  outlined  in  Table  D-5.  No  target  SVOC 
results  were  at  concentrations  above  CRLs  with  the  exception  of  di-n-butyl 
phthalate.  Di-n-butyl  phthalate  is  considered  a  common  laboratory  contaminant 
by  the  USEPA  (USEPA,  1988b)  and  was  likely  introduced  during  laboratory 
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sample  handling  and  extraction.  Samples  with  similar  concentrations  of  this 
compound  are  not  considered  representative  of  site  conditions. 

D .2.1.4  Pesticides/PCBs 

Five  aqueous  method  blanks  and  seven  soil  method  blanks  were  analyzed  for 
pesticide  compounds  and  PCB  during  laboratory  sample  preparation  and  analysis 
during  the  1995  Field  Investigation.  In  addition,  three  water  method  blanks  for 
PCBs  and  four  water  blanks  for  pesticides  were  analyzed  for  the  Round  2 
Groundwater  sampling  event.  No  pesticides/PCBs  target  compounds  were  at 
concentrations  above  CRL  values,  indicating  no  laboratory  sample  contamination 
occurred. 

D.2.1.5  TPHC 

Several  analytical  methods  were  used  to  measure  and  characterize  petroleum 
hydrocarbons  in  aqueous  method  blanks.  During  the  1995  Field  Investigation,  five 
water  method  blanks  were  analyzed  for  total  petroleum  hydrocarbons  (TPHC)  by 
USEPA  Method  418.1;  four  soil  method  blanks  were  analyzed  for  TPHC  as 
diesel,  gasoline  and  aviation  gasoline  by  modified  USEPA  Method  8015;  and  six 
soil  method  blanks  were  analyzed  for  TPHC  using  USEPA  Method  9071  to 
extract  the  soils  followed  by  a  method  418.1  analysis.  One  soil  method  blank 
analyzed  by  USEPA  Method  9071/418.1  had  23  p g/g  of  TPHC  reported.  All 
other  method  blank  results  form  the  1995  Field  Investigation  were  below  the 
corresponding  RLs. 
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Two  water  method  blanks  were  analyzed  for  TPHC  by  Method  418.1  during  the 
Round  2  Groundwater  sampling  event  with  results  below  the  RLs. 

Based  on  method  blank  results,  the  off-site  laboratory  is  not  believed  to  be  a 
significant  source  of  TPHC  contamination  for  the  Fort  Devens  field  samples; 
however,  low  concentrations  (approximately  23  ftg/g)  of  TPHC  in  soils  may 
represent  laboratory  contamination.. 

D.2.1.6  USEPA  Methods  for  Water  Quality  Parameters 

Method  blanks  were  analyzed  using  USEPA  methods  for  the  following 
parameters:  nitrate  and  nitrite-nitrogen,  kjeldahl-nitrogen,  anions  (chloride  and 
sulfate),  total  phosphate,  hardness,  alkalinity,  TOC,  TDS,  and  TSS. 

Four  water  method  blanks  were  analyzed  during  the  1995  Field  Investigation  and 
two  during  the  Round  2  Groundwater  sampling  event  for  nitrate  and  nitrite 
nitrogen  using  USEPA  Method  352.1.  No  blanks  had  concentrations  above  the 
CRL  of  10  /x g/L.  Nitrogen  was  also  analyzed  using  the  kjeldahl  method  for 
organic  nitrogen,  USEPA  Method  351.2.  Three  water  method  blanks  were 
analyzed  in  association  with  the  1995  Field  Investigation  and  two  for  the  Round  2 
Groundwater  sampling  event.  All  results  were  less  than  the  RL  of  183  p g/L. 

Four  water  method  blanks  (three  during  the  1995  Field  Investigation  and  one 
during  the  Round  2  Groundwater  sampling  event)  were  analyzed  for  total 
phosphate  by  USEPA  Method  365.2.  All  results  were  less  than  the  CRL  of 
13.3  /xg/L. 
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Anions  in  water  (bromide,  chloride,  fluoride,  and  sulfate)  were  evaluated  using 
ion  chromatography,  USEPA  300  Series  Methods  (USEPA,  1983).  During  the 
1995  Field  Investigation,  one  method  blank  was  analyzed  for  bromide  and 
fluoride,  and  four  method  blanks  were  analyzed  for  chloride  and  sulfate.  Three 
additional  water  method  blanks  were  analyzed  in  association  with  Round  2 
Groundwater  sampling  event.  All  results  for  these  method  blanks  were  less  than 
the  corresponding  CRLs. 

During  the  1995  Field  Investigation,  five  water  method  blanks  were  analyzed  for 
total  dissolved  solids  (TDS)  and  total  suspended  solids  (TSS)  using  USEPA 
Methods  160.1  and  160.2,  respectively.  One  method  blank  contained  TDS  at 
17000  /xg/L  and  TSS  at  8000  /xg/L.  The  TDS  and  TSS  concentrations  for  all 
other  method  blanks  were  below  the  RLs  of  10,000  /xg/L  and  4,000  /xg/L, 
respectively.  Four  water  method  blanks  were  analyzed  during  the  Round  2 
Groundwater  sampling  event  for  TDS  and  TSS.  One  blank  contained  TDS  at 
16,000  /xg/L  compared  to  the  RL  of  10,000  /xg/L.  TSS  was  detected  in  two 
method  blanks  at  6,000  /xg/L  and  7,000  /xg/L  compared  to  the  RL  of  4,000  /xg/L. 
These  results  indicate  that  low  concentrations  of  TDS  and/or  TSS  may  be 
reported  due  to  laboratory  processing. 

Two  aqueous  method  blanks  were  analyzed  for  hardness  (USEPA  Method  130.2) 
during  the  1995  Field  Investigation  and  four  during  the  Round  2  Groundwater 
sampling  event.  All  method  blank  results  for  hardness  were  below  the  RL  of 
1,000  /xg/L. 

Three  water  method  blank  samples  were  analyzed  for  alkalinity  (USEPA 
Method  130.1)  during  the  1995  Field  Investigation,  and  three  during  the  Round  2 
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Groundwater  sampling  event.  Three  of  these  method  blanks  had  alkalinity 
reported  at  1,000  ^g/L  compared  to  the  RL  of  5,000  /xg/L. 

Four  soil  method  blanks  were  analyzed  during  the  1995  Field  Investigation  for 
total  organic  carbon  (TOC)  concentrations  using  USEPA  Method  9060.  The 
TOC  concentrations  for  these  blanks  were  below  the  CRL  of  360  /x g/g. 

Based  on  method  blanks  results  for  samples  analyzed  by  USEPA  methods,  the 
data  collected  during  the  Fort  Devens  Site  Investigation  was  not  significantly 
impacted  by  laboratory  contamination. 


D.2.2  Field  Quality  control  Blanks 

Field  quality  control  blanks  which  were  analyzed  at  the  off-site  laboratory  include, 
rinse  blanks,  and  trip  blanks.  Results  from  analyses  of  the  field  quality  control 
blanks  were  used  to  evaluate  the  potential  for  contamination  of  samples  during 
collection  and  shipment  and  processing  at  the  off-site  laboratory. 
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D. 2.2.1  Rinse  Blanks 

Rinse  blanks  were  used  to  evaluate  the  potential  for  field  sampling  (e.g., 
insufficient  cleaning  of  sampling  equipment)  cross  contamination  of  site  samples. 
Rinse  blanks  were  collected  by  pouring  previously  analyzed  deionized  water  over 
sampling  equipment  (i.e.,  split-spoons,  trowels,  and  shelby  tubes)  and  into  sample 
containers.  Dedicated  sampling  equipment  was  used  for  the  Round  2 
Groundwater  sampling  event  so  collection  of  rinse  blanks  was  not  done.  The 
rinse  blanks  collected  during  the  1995  Fort  Devens  Investigation  were  analyzed 
for  the  following  chemical  classes:  inorganics,  VOCs,  SVOCs,  and  pesticides. 
Rinse  blanks  were  also  analyzed  by  USEPA  methods  for  TOC  and  TPHC. 

Inorganics.  Six  rinse  blanks  were  analyzed  for  PAL  elements  during  the  1995 
Field  Investigation.  PAL  elements  were  not  detected  at  concentrations  above  the 
CRLs  with  the  exception  of  mercury,  lead,  iron,  potassium,  and  manganese.  The 
concentration  range  and  frequency  of  detection  for  these  elements  is  shown  in 
Table  D-6.  Detections  of  these  elements  may  represent  residual  contamination 
left  on  the  sampling  equipment  prior  to  the  rinse  blank  collection.  In  general,  the 
rinse  blank  data  indicate  that  decontamination  procedures  were  effective  in  the 
removal  of  residual  inorganic  contamination  from  the  sampling  equipment. 

VOCs.  Six  rinse  blanks  were  analyzed  for  VOCs  during  the  1995  Field 
Investigation.  The  concentration  range  and  frequency  for  VOCs  detected  in  rinse 
blanks  above  the  CRL  are  shown  in  Table  D-7. 

The  USEPA  considers  methylene  chloride  and  acetone  common  laboratory 
contaminants  (USEPA,  1988b).  These  compounds  were  detected  in  the  method 
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blanks  as  well  as  the  rinse  blanks,  indicating  they  may  represent  laboratory 
contaminants.  Fort  Devens  field  samples  with  detections  of  these  compounds  at 
similar  concentrations  should  be  considered  laboratory  related  contamination. 

Detections  of  carbon  tetrachloride,  chloroform,  and  1,1,1-Trichloroethane  in  Fort 
Devens  Field  samples  at  concentrations  similar  to  those  detected  in  rinse  blanks 
(Table  D-7)  may  be  related  to  field  sampling  or  decontamination  procedures. 

SVOCs.  Six  rinse  blanks  were  collected  during  the  1995  Field  Investigation  and 
analyzed  for  SVOCs.  The  concentration  range  and  frequency  of  detection  for 
semivolatile  compounds  detected  in  rinse  blanks  is  shown  in  Table  D-8.  With  the 
exception  of  bis(2-ethylhexyl)  phthalate  and  benzyl  alcohol,  all  results  for  target 
SVOCs  were  at  concentrations  below  CRLs.  The  presence  of  low  concentrations 
of  benzyl  alcohol  in  Fort  Devens  field  samples  may  be  attributed  to  field  sampling 
activities  and  not  representative  of  actual  site  conditions.  The  USEPA  Region  I 
considers  phthalates  as  common  laboratory  contaminants  (USEPA,  1988b). 
Phthalates  were  detected  in  the  method  blanks  as  well  as  the  rinse  blanks 
indicating  that  they  were  likely  introduced  as  laboratory  contamination. 

Several  SVOC  HCs  including  N,N-diethyl-3-methylbenzamide  (N,N-diethyl-m- 
tolumide),  and  benzyl  adipate  were  detected  in  one  rinse  blank.  Six  additional 
unknown  non-target  SVOCs  were  detected  in  the  rinse  blanks  at  concentrations 
ranging  from  4  /xg/L  to  10  /xg/L;  however,  most  of  these  unknown  constituents 
were  also  detected  in  the  method  blanks  indicating  that  the  contamination  was 
laboratory  related. 
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Pesticides /PCBs.  Four  rinse  blanks  were  analyzed  for  pesticides  and  PCBs  during 
the  1995  Field  Investigation.  All  results  for  pesticides  and  PCBs  were  below 
CRLs.  The  lack  of  pesticides  and  PCBs  detected  indicates  there  is  no  evidence  of 
cross  contamination  during  field  sampling. 

USEPA  Methods.  During  the  1995  Field  Investigation,  three  rinse  blanks  were 
analyzed  for  TOC  and  all  results  were  at  concentrations  below  the  RL  of 
1000  /ig/L.  Six  rinse  blanks  were  analyzed  for  TPHC.  Concentrations  of  TPHC 
in  all  blanks  were  below  the  RL  of  100  /ig/L.  These  data  indicate  contamination 
of  TOC  and  TPHC  during  field  sampling  did  not  occur. 

D.2.2.2  Trip  Blanks 

Trip  blanks  are  analyzed  to  assess  the  potential  for  cross  contamination  of  VOCs 
during  sampling,  transit,  and  storage.  The  trip  blank  consists  of  a  VOA  sample 
container  filled  at  the  contract  laboratory  with  Di/carbon  filtered  water  and 
shipped  to  the  site  with  the  other  VOA  sample  containers.  Trip  blanks  were 
included  with  each  shipping  container  of  field  VOC  samples. 

Sixteen  trip  blanks  were  collected  and  analyzed  in  association  with  samples 
analyzed  for  VOCs  from  the  Fort  Devens  1995  Site  Investigation  and  two  from 
the  Round  2  Groundwater  sampling  event.  Target  VOCs  and  associated  TICs 
detected  in  the  trip  blanks,  including  the  frequency  and  range  of  concentrations 
are  shown  in  Table  D-9. 

The  USEPA  considers  acetone  and  methylene  chloride  common  laboratory 
contaminants  (USEPA,  1988b).  Acetone,  methylene  chloride,  and  chloroform 
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were  detected  in  the  method  blanks  as  well  as  the  trip  blanks  indicating  they  were 
introduced  at  the  laboratory.  Fort  Devens  field  samples  with  concentrations  of 
these  compounds  in  the  range  detected  in  trip  blanks  and  method  blanks,  are  not 
considered  representative  of  site  conditions  at  Fort  Devens. 

The  presence  of  carbon  tetrachloride  and  tetrachloroethene  in  trip  blanks 
indicates  that  cross  contamination  may  have  occurred  in  shipment  or  handling  of 
the  field  samples.  However,  no  carbon  tetrachloride  or  tetrachloroethene  was 
detected  in  samples  from  AOC  63AX. 
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D.3.0  ACCURACY  OF  OFF-SITE  LABORATORY  DATA 


Accuracy  is  a  quantitative  parameter  that  determines  the  nearness  of  a  result  to 
its  true  value.  Accuracy  measures  the  bias  in  a  measurement  system.  The 
accuracy  of  each  analytical  method  was  evaluated  based  on  percent  recoveries  for 
matrix  spikes  and/or  surrogate  standards. 

A  matrix  spike  is  a  sample  of  a  particular  matrix  to  which  predetermined 
quantities  of  standard  solutions  of  certain  target  analytes  were  added  prior  to 
sample  extraction/digestion  and  analysis.  Samples  were  spilt  into  replicates,  one 
replicate  was  spiked  and  both  aliquots  were  analyzed. 

Accuracy  was  also  evaluated  using  the  recovery  of  surrogate  standards  in  the 
volatile  and  semivolatile  analyses.  Surrogate  standards  are  organic  compounds 
which  are  similar  to  the  analytes  of  interest  in  chemical  composition,  extraction, 
and  chromatography,  but  which  are  not  normally  found  in  environmental  samples. 
These  compounds  are  spiked  into  all  volatile  and  semivolatile  samples  prior  to 
analysis. 

Percent  recovery  of  matrix  spikes  and  surrogate  spikes  provide  and  indication  of 
data  accuracy  and  potential  data  bias  from  matrix  related  effects.  Percent 
recovery  was  calculated  using  the  equation  shown  in  Section  3.3  of  the  Fort 
Devens  POP  (ABB-ES,  1995).  The  percent  recovery  for  these  QC  samples  were 
evaluated  and  are  discussed  below. 
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D.3.1  Matrix  Spikes 

Soil,  sediment,  surface  water  and  groundwater  samples  were  used  for  matrix  spike 
and  matrix  spike  duplicate  analysis.  Spiked  samples  were  analyzed  for  hardness, 
alkalinity,  nitrate  and  nitrite-nitrogen,  kjeldahl-nitrogen,  sulfate,  total  phosphate, 
TPHC,  TOC,  PAL  inorganics,  and  PAL  pesticide/PCBs.  Matrix  spike  and  matrix 
spike  duplicate  (MS/MSD)  samples  were  collected  at  a  rate  of  one  per  twenty 
environmental  samples.  A  summary  of  all  MS/MSD  data  collected  during  the 
Fort  Devens  Site  Investigations  are  presented  in  Table  D-10  and  Table  D-ll. 

The  spike  data  for  all  samples  collected  during  1995  Fort  Devens  Site 
Investigation  were  evaluated  together,  and  are  discussed  below  as  one  data  set. 
Similarly,  all  groundwater  spiked  samples  collected  during  the  Round  2 
Groundwater  sampling  event  were  evaluated  collectively.  The  data  have  been 
segregated  by  method  and  by  analytical  parameter  to  show  recovery  trends  of  the 
individual  spiked  analytes.  In  the  tables,  matrix  spikes  have  been  paired  with  the 
corresponding  matrix  spike  duplicates  to  make  recovery  comparisons.  The 
average  recoveries,  and  maximum  and  minimum  recoveries  for  water  samples 
(surface  water  and  groundwater)  and  solid  media  (subsurface  soil  and  sediment) 
are  presented  to  measure  trends  for  each  particular  method.  The  criteria  used  for 
interpreting  MS/MSD  data  are  taken  from  USEPA  CLP  analytical  protocols 
(USEPA,  1988a;  USEPA,  1989a)  and  the  Fort  Devens  Project  Operations  Plan 
(ABB-ES,  1995). 


Harding  Lawson  Associates 


W0059621.080 


D-17 


9144-03 


APPENDIX  D 


D.3.1.1  Inorganics 

Matrix  spike  analysis  was  completed  for  recoveries  of  PAL  elements.  USEPA 
CLP  guidelines  specify  control  limits  of  recovery  for  inorganic  MS/MSD  75%  to 
125%  (USEPA,  1988).  The  majority  of  PAL  elements  had  recoveries  within 
USEPA  control  limits.  A  subset  of  elements  had  recoveries  outside  these  limits. 
Elements  with  at  least  one  MS/MSD  recovery  outside  USEPA  CLP  limits  are 
presented  in  Table  D-12. 

Groundwater.  1995  Field  Investigation.  The  following  samples  were  spiked  with 
target  elements:  one  filtered  and  unfiltered  groundwater  sample  from  AOC  57; 
one  unfiltered  groundwater  sample  from  AOC  69W;  one  filtered  groundwater  and 
two  unfiltered  groundwater  samples  from  AOC  63AX.  Elements  with  recoveries 
outside  the  USEPA  CLP  limits  include  mercury,  arsenic,  antimony,  calcium,  iron, 
and  manganese. 

For  the  elements  arsenic,  calcium,  manganese,  and  iron,  all  matrix  spike 
concentrations  were  low  relative  to  concentrations  already  present  in  the  sample. 
For  example,  the  spike  concentration  for  calcium  was  10,000  /xg/L  compared  with 
sample  concentration  which  was  52,800  /xg/L.  USEPA  Region  1  data  validation 
guidelines  (USEPA,  1989b)  specify  spike  concentrations  be  greater  than  four 
times  the  sample  concentration  for  data  qualification  actions  to  reply.  Since  the 
spike  concentration  is  insignificant  relative  to  the  sample  concentration,  an 
accurate  matrix  spike  recovery  cannot  be  measured.  Based  on  these  results, 
results  for  arsenic,  calcium,  and  manganese  in  groundwater  are  not  qualified  in 
this  RI. 
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Percent  recoveries  for  mercury  and  antimony  were  slightly  below  the  lower  CLP 
control  limit  of  75%  in  a  small  subset  of  samples.  Low  recoveries  for  antimony 
and  mercury  were  only  observed  in  one  or  two  of  sixteen  samples,  respectively. 
Based  on  this  data,  mercury  and  antimony  data  for  aqueous  samples  is  not 
qualified. 

Groundwater.  Round  2.  The  following  samples  were  spiked  with  target  elements: 
one  filtered  and  unfiltered  groundwater  sample  from  AOC  57,  63AX  and  69W; 
and  one  additional  unfiltered  groundwater  sample  from  AOC  63AX.  The 
majority  of  PAL  elements  had  recoveries  within  USEPA  control  limits.  A  subset 
of  elements  had  results  outside  these  limits.  Elements  with  recoveries  outside  the 
USEPA  CLP  limits  include  lead,  selenium,  arsenic,  antimony  and  manganese. 

Spike  recoveries  for  arsenic  in  one  out  of  fourteen  samples  were  above  the  upper 
control  limit  of  125%.  The  recovery  in  this  sample  was  135.7%;  however,  the 
spiked  sample  duplicate  recovery  was  acceptable  (124.3%).  The  low  frequency  of 
outlier  recoveries  for  arsenic  indicate  there  was  minimal  matrix  related  effects  and 
no  qualification  of  results  was  conducted. 

For  manganese,  the  matrix  spike  concentration  was  low  relative  to  concentrations 
already  present  in  the  sample  so  matrix  spike  recovery  cannot  be  measured. 

Low  spike  recoveries  were  reported  for  lead  and  selenium  in  both  the  filtered  and 
unfiltered  sample  and  duplicate  from  AOC  57  (MXG302X2).  These  data  suggest 
there  may  be  some  matrix  interference  in  AOC  57  groundwaters  reported  for  lead 
and  selenium.  Lead  and  selenium  were  not  detected  in  any  samples.  CRLs 
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reported  for  these  elements  should  be  considered  estimated  and  potentially  biased 
low.  Lead  and  selenium  recoveries  in  the  remaining  ten  samples  evaluated  were 
all  acceptable. 

The  percent  recoveries  for  antimony  were  low  in  several  spiked  samples.  A  total 
of  six  out  of  fourteen  spiked  samples  had  recoveries  below  the  lower  control 
limits.  Outlier  recoveries  ranged  from  39.5%  in  the  sample  and  sample  duplicate 
MXG302X2  and  MDG302X2  to  74.9%  in  sample  MXAX08A2.  Antimony  was 
not  detected  in  any  groundwater  samples.  Based  on  these  data,  antimony  CRLs 
for  aqueous  samples  are  considered  estimated  and  potentially  biased  low. 

Surface  Water.  One  surface  water  sample  from  AOC  57  (WX5705XX),  including 
both  filtered  and  unfiltered  samples,  was  spiked  with  target  elements.  All 
elements  had  percent  recoveries  for  MS/MSDs  within  the  USEPA  CLP  limits 
with  the  exception  of  iron.  The  MS  for  iron  in  the  filtered  surface  water  sample 
had  a  recovery  of  129%;  however,  iron  recovery  for  the  filtered  MSD  was 
acceptable  (118%)  and  results  are  not  qualified.  Recoveries  of  iron  in  the 
unfiltered  sample  were  acceptable.  Overall,  the  inorganic  spike  data  indicate  that 
aqueous  concentrations  were  not  significantly  influenced  by  matrix  effects. 

Soil.  Five  soil  MS/MSD  samples  were  analyzed  for  PAL  inorganics;  for  lead 
analyses  three  matrix  spike  and  matrix  spike  duplicate  samples  were  analyzed  by 
GFAA  and  two  by  ICP.  The  majority  of  PAL  elements  had  recoveries  within 
CLP  limits.  Elements  for  which  at  least  one  MS/MSD  recovery  was  not  within 
USEPA  CLP  limits  are  presented  in  Table  D-13. 


Harding  Lawson  Associates 


W0059621.080 


D-20 


9144-03 


APPENDIX  D 


For  the  elements  aluminum  and  iron,  all  matrix  spike  concentrations  were  low 
relative  to  concentrations  already  present  in  the  sample.  Since  the  spike 
concentrations  were  insignificant  relative  to  sample  concentrations,  matrix  spike 
recoveries  were  not  assessed. 

The  elements  mercury,  selenium,  lead  (by  GFAA),  arsenic,  manganese,  and  nickel 
in  soil  had  MS/MSD  recoveries  above  and  below  the  USEPA  CLP  recovery 
range.  The  frequency  at  which  the  recovery  was  outside  the  USEPA  CLP  limits, 
and  corresponding  recovery  ranges  are  shown  in  Table  D-13. 

For  mercury,  MS/MSD  recoveries  in  soil  sample  EX571501  from  AOC  57  were 
below  the  USEPA  control  limits;  however,  recoveries  in  the  other  eight  spiked 
samples  were  within  the  control  limits.  Overall,  mercury  concentrations  for  soil 
samples  are  acceptable  based  on  the  MS/MSD  recovery  data,  and  qualification  of 
the  data  was  not  conducted. 

One  selenium  MS/MSD  pair  had  recoveries  just  below  the  lower  control  limit, 
and  two  other  pairs  had  recoveries  above  the  upper  control  limit.  Based  on  spike 
recovery  data,  positive  detections  of  selenium  in  soil  are  considered  estimated 
with  no  particular  low  or  high  bias. 

The  recovery  of  lead  by  GFAA  ranged  from  50%  to  60%  in  two  of  the  three 
MS/MSD  pairs,  slightly  below  the  lower  limit  of  75%.  Recoveries  in  the  third 
pair  were  23.7%  and  140.5%.  Recoveries  of  lead  in  the  two  pairs  of  MS/MSD 
analyzed  by  ICP  were  all  acceptable.  Results  indicate  lead  results  for  soil 
analyzed  by  GFAA  are  estimated,  and  results  may  be  biased  low. 
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Five  out  of  ten  spiked  soil  samples  had  arsenic  recoveries  above  the  USEPA 
control  limit.  One  spiked  soil  sample  (BXAX0206)  was  reported  below  the  lower 
limit;  however,  the  spike  concentration  in  this  sample  was  low  relative  to  the 
concentration  already  present  in  the  sample  so  recovery  evaluations  could  not  be 
made.  The  high  recoveries  of  arsenic  in  50%  of  the  spiked  soil  samples  indicate 
that  there  may  be  some  matrix  interference.  Results  for  arsenic  in  soil  samples 
should  be  considered  estimated  and  potentially  biased  high. 

Manganese  recoveries  were  outside  the  control  limit  in  seven  out  of  the  ten 
MS/MSD  samples.  However,  with  the  exception  of  one  sample  (BX570319),  all 
MS  were  low  relative  to  the  sample  concentration  making  the  comparison  invalid. 
The  recovery  in  the  sample  BX570319  (68.6%)  was  just  below  the  lower  control 
limit  of  75%.  Due  to  the  low  frequency  of  valid  outlier  recoveries  of  manganese, 
the  soil  matrix  does  not  appear  to  have  significantly  impacted  the  data. 
Qualification  of  manganese  data  based  on  spike  recoveries  in  soil  was  not 
conducted. 

The  recovery  for  nickel  (128.3%)  in  soil  sample  BXAX0206  was  slightly  above  the 
upper  control  limit.  All  nine  other  MS/MSD  recoveries  ranged  from  104%  to 
118%.  Based  on  theses  results,  recovery  of  nickel  in  soil  does  not  appear  to  be 
impacted  by  the  soil  matrix.  Qualification  of  nickel  data  for  soil  was  not 
conducted. 

Sediment.  Two  sediment  MS/MSD  samples  were  analyzed  for  PAL  inorganics; 
for  lead  analyses  one  MS/MSD  sample  was  analyzed  by  GFAA  and  one  by  ICP. 
The  majority  of  PAL  element  recoveries  were  within  CLP  control  limits. 
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Elements  for  which  at  least  one  MS/MSD  recovery  was  not  within  USEPA  CLP 
limits  are  presented  in  Table  D-14. 

For  the  elements  aluminum  and  iron,  all  matrix  spike  concentrations  were  low 
relative  to  concentrations  already  present  in  the  sample.  Since  the  spike 
concentration  is  insignificant  relative  to  sample  concentrations,  an  accurate  matrix 
spike  recovery  was  not  evaluated. 

The  elements  arsenic,  antimony,  and  manganese  in  sediment  samples  had 
MS/MSD  recoveries  above  and  below  the  acceptable  USEPA  CLP  recovery 
range.  The  frequency  at  which  the  recoveries  were  outside  the  USEPA  CLP 
limits  and  the  recovery  ranges  are  shown  in  Table  D-14. 

The  arsenic  MS/MSD  recoveries  for  one  out  of  the  two  sediment  samples  were 
approximately  12%,  well  below  the  USEPA  control  limits.  The  sample  was 
DX2W0200  collected  from  AOC  69W.  Due  to  the  low  MS  recovery,  positive 
results  for  arsenic  in  sediment  samples  from  AOC  69W  should  be  considered 
biased  low,  and  non-detect  results  are  unusable. 

Percent  recoveries  for  antimony  in  sediment  samples  were  slightly  above  the 
upper  USEPA  control  limit  of  125%  in  two  of  the  four  samples.  The  recoveries 
in  these  samples  were  126%  and  126.7%,  indicating  that  matrix  effects  for 
sediment  were  minimal.  All  sediment  results  for  antimony  are  considered 
acceptable  based  on  the  MS/MSD  results  for  accuracy,  and  qualification  of  the 
data  was  not  conducted. 
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Manganese  recoveries  for  MS/MSDs  in  sediment  were  acceptable  in  three  of  the 
four  samples  analyzed.  The  recovery  in  one  MS  for  sample  DXZW0200  from 
AOC  69W  was  only  4%,  well  below  the  USEPA  control  limit  of  75%.  Due  to  the 
low  MS  recovery,  positive  results  for  manganese  in  sediment  samples  from 
AOC  69W  should  be  considered  biased  low,  and  non-detect  results  should  be 
considered  unusable. 

D.3.1.2  Pesticides/PCBs 

Pesticide  and  PCB  compounds  were  spiked  into  groundwater,  surface  water,  soil 
and  sediment  samples  to  evaluate  matrix  effects.  Nine  target  pesticide  and  two 
PCB  compounds  were  used  for  spiking  including  endosulfan  I,  endosulfan  II, 
aldrin,  dieldrin,  endrin,  heptachlor,  isodrin,  lindane,  methoxychlor,  4,4’-DDT, 
aroclor  1016,  and  aroclor  1260.  Percent  recoveries  for  pesticides  were  compared 
to  the  USEPA  CLP  guidelines  (USEPA  1988)  control  limits.  The  USEPA  CLP 
guidelines  do  not  specify  limits  for  spike  recoveries  of  endosulfan  I,  endosulfan  II, 
isodrin,  methoxychlor,  and  PCBs.  For  these  compounds,  the  surrogate  recovery 
control  limits  of  30%  to  150%  specified  in  the  USEPA  CLP  Guidelines  (USEPA 
OLM03.1  August  1994)  were  used  as  guidance  in  evaluating  spike  recoveries. 

Groundwater.  1995  Site  Investigation.  Three  groundwater  samples,  one  from 
AOC  57,  63AX  and  69W,  were  spiked  with  pesticides  and  PCBs.  Recoveries  were 
within  USEPA  limits  for  all  spike  compounds  with  the  exception  of  aldrin  in  one 
of  six  spiked  samples.  A  recovery  of  121%  was  reported.  This  exceeds  the  upper 
control  limit  of  120%.  Due  to  the  low  frequency  of  recoveries  out  of  limits  no 
qualification  of  results  is  done. 
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Groundwater.  Round  2.  Three  groundwater  samples,  one  from  each  of  the  AOCs 
57,  63AX  and  69W,  were  spiked  with  target  pesticides.  Two  groundwater 
samples,  one  from  AOC  63AX  and  one  from  AOC  69W  were  spiked  for  PCBs. 
The  recoveries  of  all  analytes  were  within  USEPA  limits. 

Surface  Water.  One  surface  water  sample  from  AOC  57  was  spiked  with  target 
pesticides  and  PCBs.  All  spike  recoveries  were  within  the  USEPA  CLP  control 
limits  for  aqueous  samples.  The  aqueous  MS/MSD  recovery  data  for 
pesticides/PCBs  indicate  that  there  were  no  matrix  effects  and  qualification  of  the 
data  was  not  required. 

Soil.  Four  MS/MSD  soil  sample  pairs  from  AOC  57  were  spiked  with  pesticide 
and  PCB  compounds.  The  majority  of  spike  analytes  were  within  recovery  limits. 
Analytes  for  which  at  least  one  MS/MSD  recovery  was  not  within  USEPA  CLP 
limits  are  presented  in  Table  D-15. 

The  recovery  of  endosulfan  II  in  soil  sample  EX571502  exceeded  the  upper 
control  limit  in  both  the  MS  and  MSD.  However,  recoveries  of  endosulfan  II  in 
the  three  other  spiked  sample  pairs  were  within  limits.  Both  MS  and  MSD  spike 
recoveries  for  4,4-DDT  in  sample  EX571600  exceeded  the  upper  control  limits 
but  recoveries  in  the  remaining  three  soil  samples  were  within  control  limits. 

Spike  recoveries  for  aroclor  1016  were  acceptable;  however,  one  of  the  spike 
recoveries  for  aroclor  1260  in  sample  EX571502,  and  both  MS  and  MSD 
recoveries  in  sample  EX571502  were  above  the  upper  control  limit.  The  original 
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analysis  reported  high  aroclor  1260  concentrations  relative  to  spike  concentrations 
and  no  actions  were  taken  for  the  high  recoveries. 

High  recoveries  of  endosulfan  II,  4,4-DDT,  and  Aroclor- 1260  in  soil  indicate  some 
matrix  interference.  There  were  no  detects  of  endosulfan  II  in  AOC  57  samples. 
Positive  results  for  4,4-DDT  in  soil  samples  collected  at  AOC  57  should  be 
considered  estimated  and  potentially  biased  high. 

Sediment.  Two  sediment  samples,  one  from  AOC  57  and  one  from  AOC  69W, 
were  spike  with  target  pesticides  and  PCBs.  The  percent  recoveries  of  the  spiked 
samples  were  compared  to  the  USEPA  CLP  control  limits  and  all  recoveries  were 
within  the  criteria  range  with  the  exception  of  4,4-DDT.  One  out  of  the  four 
reported  recoveries  for  4,4-DDT  (166.7%)  exceeded  the  upper  control  limit  of 
134%.  Based  on  the  low  frequency  of  exceedances  for  recovery  of  4,4-DDT 
qualification  of  sediment  data  was  not  conducted. 


D .3.1.3  USEPA  Methods 


Matrix  Spike  recoveries  for  USEPA  methods  water  quality  parameters  were 
evaluated  for  groundwater  and  surface  water.  The  matrix  recoveries  for  soil  and 
sediment  were  also  evaluated  for  TOC,  TPH  as  gasoline  and  diesel,  and  TPHC. 

For  water  quality  parameters  of  hardness,  alkalinity,  nitrate  and  nitrite-nitrogen, 
kjeldahl-nitrogen,  sulfate,  and  total  phosphate,  the  USEPA  CLP  control  limits  for 
inorganic  matrix  spikes  (75%  -  125%  recovery)  were  used  for  guidance. 
Professional  judgement  was  used  when  evaluating  the  organic  parameters  TOC 
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and  TPHC.  The  MS/MSD  recoveries  for  these  parameters  were  evaluated  on  a 
sample  by  sample  basis  and  are  discussed  below. 

Groundwater.  1995  Field  Investigation.  Five  groundwater  samples  were  spiked 
for  hardness  including  three  groundwater  samples  from  AOC  57,  one  from  AOC 
63AX,  and  one  from  AOC  69W.  Hardness  data  for  which  at  least  one  MS/MSD 
recovery  was  not  within  USEPA  CLP  limits  are  presented  in  Table  D-16. 

Four  out  of  eight  spike  recoveries  for  hardness  were  well  below  the  lower  control 
limit  of  75%.  The  outlier  recoveries  were  found  in  the  samples  MXAX02X1  and 
MXZW01X3  from  AOCs  69W  and  63AX,  respectively,  and  one  of  the  two 
samples  (MX5701X1)  from  AOC  57.  Based  on  these  results,  there  appears  to  be 
either  significant  matrix  interference  or  other  analytical  performance  issues 
resulting  in  low  spike  recoveries.  With  the  exception  of  groundwater  sample 
MXG302X1  in  which  acceptable  hardness  recoveries  were  reported,  all  hardness 
results  for  groundwater  samples  should  be  considered  invalid. 

For  alkalinity  three  groundwater  samples  from  AOC  57  and  one  groundwater 
sample  from  AOC  69W  were  spiked  for  matrix  evaluation.  All  spiked  sample 
recovery  results  for  alkalinity  are  within  control  limits.  According  to  the  data 
downloaded  from  IRDMIS,  percent  recoveries  for  alkalinity  reported  for  Lot 
PJOW  exceed  the  control  limits.  However,  the  high  recoveries  are  believed  to  be 
erroneous  due  to  a  unit  conversion  error  for  two  spiked  samples  in  Lot  PJOW. 
Corrective  action  for  this  discrepancy  is  currently  ongoing. 
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Spike  sample  recoveries  for  all  other  water  quality  parameters  were  within  the 
established  control  limits  indicating  no  matrix  effects. 

Groundwater.  Round  2.  Five  groundwater  samples  were  spiked  for  hardness 
including  two  groundwater  samples  from  AOC  57,  one  from  AOC  63AX  and 
AOC  69 W.  Two  sets  MS/MSDs  were  analyzed  for  the  sample  from  AOC  63 AX. 
Hardness  data  for  which  at  least  one  MS/MSD  recovery  was  not  within  USEPA 
CLP  limits  are  presented  in  Table  D-16. 

Two  spike  recoveries  for  hardness  were  well  below  the  lower  control  limit  of  75%. 
The  outlier  recoveries  were  found  in  the  sample  MXAX03X2  from  AOC  63AX. 
However,  an  additional  spike  and  spike  duplicate  analysis  for  this  sample  was 
performed  and  results  were  within  the  control  limits.  Based  on  these  results, 
there  does  not  appear  to  be  any  significant  matrix  effects  impacting  the  hardness 
data.  All  hardness  results  for  groundwater  samples  remained  unqualified. 

For  alkalinity,  two  groundwater  samples  from  AOC  57  and  one  groundwater 
sample  from  AOC  69W  were  spiked  for  matrix  evaluation.  All  recovery  results 
for  alkalinity  are  within  the  established  guidelines. 

Spike  sample  recoveries  for  all  other  water  quality  parameters  were  within  the 
established  control  limits  indicating  no  matrix  effects.  Spike  recovery  control 
limits  for  TPHC  are  not  available;  however,  spike  recoveries  ranged  from  89%  to 
97.9%  and  are  considered  acceptable. 

Surface  Water.  One  surface  water  sample  from  AOC  57  (WX5705XX)  was 
spiked  to  evaluate  matrix  effects  on  the  measurement  of  water  quality  parameters 
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listed  above.  All  results  were  within  the  established  control  limits  indicating  no 
matrix  interference. 

Soil.  Two  MS/MSD  soil  sample  pairs  from  AOC  57  were  spiked  and  analyzed  for 
matrix  effects  on  concentrations  of  TPH  as  diesel  and  gasoline  by  Modified 
USEPA  Method  8015.  The  recovery  range  for  these  samples  was  74.9%  to 
112.4%.  Based  on  these  results,  there  does  not  appear  to  be  any  adverse  effects 
on  the  TPHC  data  analyzed  by  USEPA  Method  8015. 

A  total  of  seven  spiked  sample  pairs  were  analyzed  for  matrix  effects  on  TPH  by 
USEPA  Method  9071/418.1.  These  samples  included  three  soil  samples  from 
AOC  57,  three  from  AOC  63AX,  and  one  from  AOC  69W.  The  majority  of 
samples  had  percent  recovery  ranging  from  71.0%  to  128.6%.  'The  spike 
recoveries  outside  this  range  included  one  sample  from  AOC  57  (EX571502) 
which  exhibiting  relatively  low  recoveries  of  29.2%  and  43.7%  in  the  MS  and 
MSD,  and  one  sample  from  AOC  63AX  (AXE9503X)  in  which  the  MS  had  a 
relatively  low  recovery  of  52.6%.  In  general,  spike  recoveries  for  TPH  by  USEPA 
Method  9071  in  all  other  soil  samples  indicated  acceptable  method  performance. 
Low  recoveries  in  samples  EX571502  and  AXE9503X  may  be  attributed  to 
sample  homogeneity  in  the  unspiked  samples  and  are  not  likely  an  indication  of 
poor  method  performance.  Based  on  the  spike  recoveries  for  TPHC,  qualification 
of  the  data  was  not  conducted. 

Four  soil  samples  were  spiked  for  TOC  analysis,  including  two  from  AOC  57,  and 
two  from  AOC  69W.  The  recovery,  of  these  spiked  samples  ranged  from  77.5%  to 
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132.3%.  Based  on  these  results,  there  appears  to  be  no  matrix  related  effects  on 
TOC  concentrations  in  soil. 

Sediment.  Two  pairs  of  sediment  MS/MSD  samples,  one  from  AOC  57  and  one 
from  AOC  69W,  were  analyzed  for  matrix  effects  on  petroleum  hydrocarbon 
concentrations.  Recoveries  ranged  from  88.9%  to  171.9%  for  TPH  as  diesel,  and 
84.2%  to  162.3%  for  TPH  as  gasoline,  indicating  good  method  performance. 

The  spike  recoveries  of  TPHC  for  USEPA  Method  9071  were  4.3%  and  51.4%  in 
the  MS  and  MSD  in  sample  DX570500  from  AOC  57.  These  spike  recoveries  are 
low  in  comparison  the  spike  recoveries  observed  for  the  second  sediment  sample 
(DXZW0200)  which  were  approximately  117%  in  the  MS  and  MSD.  Low  spike 
recoveries  in  sediment  sample  DX570500  may  be  attributed  to  sample 
heterogeneity  or  from  matrix  interference.  All  positive  sediment  sample  results 
for  TPHC  for  AOC  57  sediments  should  be  considered  estimated  and  biased  low, 
and  all  non-detect  results  should  be  considered  invalid. 

Matrix  spike  and  MSDs  were  analyzed  for  two  sediment  samples  from  AOC  57  to 
evaluate  matrix  effects  on  TOC  concentrations.  The  percent  recoveries  in  sample 
DX570500  ranged  from  83.9%  to  125.0%  indicating  good  accuracy  within  the 
matrix.  Spike  recoveries  for  the  second  sediment  sample  from  AOC  57 
(DX570900)  were  only  0.9%  and  54.0%.  This  sample  had  a  high  TOC 
concentration  in  the  original  sample  which  likely  contributed  to  the  low 
recoveries.  No  qualification  of  results  was  conducted. 


D.3.2  Surrogate  Recoveries 
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In  addition  to  matrix  spikes,  the  recovery  of  surrogate  standards  were  also  used  to 
assess  matrix  effects  and  accuracy  of  the  analytical  data.  Surrogate  standards 
were  used  for  VOC  and  SVOC  analyses  and  were  added  to  all  soil,  sediment, 
surface  water  and  groundwater  samples  prior  to  analysis. 

D.3.2.1  SVOC 

The  SVOC  surrogate  standards  used  to  evaluate  matrix  effects  and  analytical 
accuracy  included  2-fluorophenol,  phenol-D6,  2,4,6-tribromophenol,  nitrobenzene- 
D5,  2-fl.uorobiphenyl,  and  terphenyl-D14.  Recovery  criteria  for  these  surrogates, 
are  taken  from  analytical  USEPA  CLP  protocols  (USEPA,  1988a)  and  the  Fort 
Devens  Project  Operations  Plan  (ABB-ES,  1995)  and  are  presented  in 
Table  D-17. 

Interpretations  on  data  usability  were  based  on  guidance  outlined  in  the  USEPA 
Region  I  Functional  Guidelines  for  Data  Validation  (USEPA,  1988).  According 
to  this  guidance  SVOA  sample  results  are  qualified  based  on  independent 
evaluations  of  surrogate  recoveries  for  acid  fraction  compounds  and  base-neutral 
compounds.  Each  fraction  has  three  surrogates.  The  acid  fraction  surrogates 
include  2-flourophenol,  phenol-D6,  and  2,4,6-tribromophenol.  The  base-neutral 
surrogate  standards  include  nitrobenzene-D5,  2-flourobiphenyl,  and  terphenyl- 
D14.  SVOA  positive  results  are  qualified  as  estimated  if  two  or  more  surrogates 
in  either  the  acid  or  base-neutral  fraction  are  outside  the  recovery  limits.  Positive 
results  are  qualified  as  estimated  and  negative  (non-detect)  results  are  qualified  as 
unusable  (rejected)  if  any  surrogate  is  less  than  ten  percent  recovery  for  the 
associated  fraction. 
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All  SVOA  samples  were  evaluated  using  the  criteria  outlined  above.  Sample 
results  were  identified  as  usable,  estimated,  or  rejected  based  on  the  USEPA 
Region  I  Guidelines.  Data  bias  was  identified  if  trends  in  surrogate  recoveries  for 
individual  samples  indicated  low  or  high  bias. 

Groundwater.  1995  Field  Investigation.  All  SVOC  results  for  groundwater 
samples  meet  USEPA  surrogate  standard  recovery  guidelines. 

Groundwater.  Round  2.  All  surrogate  standard  recovery  data  is  within  USEPA 
guidelines.  Based  on  surrogate  standard  recoveries,  qualification  of  sample  data 
was  not  conducted. 

Surface  Water.  Surface  water  samples  with  two  or  more  surrogate  standards  from 
acid  fraction  with  recoveries  outside  the  acceptable  QC  limits  included  samples 
from  AOC  57  sample  (WX5704XX,  WX5705XX  ,WX5706XX,  WX5710XX). 
Surrogate  recoveries  above  the  control  limits  for  2-fluorophenol  and  phenol-D6 
were  observed  for  these  samples.  No  acid  fraction  compounds  were  detected  in 
any  of  the  surface  water  samples  and  no  qualification  of  results  was  conducted. 

Soil.  Soil  samples  with  two  or  more  surrogate  standards  from  the  acid  fraction 
with  recoveries  outside  the  acceptable  QC  limits  included  AOC  57  samples 
EX570405  and  BX570200.  High  outlier  recoveries  for  2-fluorophenol  and  phenol- 
D6  were  reported  for  these  samples.  Soil  sample  EX572404  had  two  surrogate 
standards  in  the  base-neutral  fraction  (2-fluorobiphenyl  and  nitrobenzene-D5) 
with  high  recoveries.  No  acid  fraction  compounds  were  detected  in  these  samples 
and  no  qualification  of  results  was  conducted.  No  base  neutral  fractions 
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compounds  were  reported  in  these  two  samples,  and  no  qualification  of  results 
was  conducted. 

All  soil  samples  spiked  with  SVOC  surrogate  standards  had  recoveries  above  the 
10%  minimum  recovery  criteria  with  the  exception  of  2,4,6-tribromophenol  in 
sample  EX571602.  All  non-detect  results  in  the  acid  fraction  of  this  sample  are 
rejected  and  considered  unusable. 

Sediment.  All  sediment  samples  had  recoveries  of  surrogate  standards  within  the 
USEPA  CLP  limits.  All  SVOC  surrogate  results  for  sediment  samples  are  within 
guidelines. 

D.3.2.2  VOCs 

Surrogate  standards  used  for  volatile  organics  include  l,2-dichloroethane-D4,  4- 
bromoflourobenzene,  and  toluene-D8.  The  criteria  used  for  interpreting  surrogate 
data  are  taken  from  analytical  USEPA  CLP  protocols  (USEPA,  1988a)  and  the 
Fort  Devens  Project  Operations  Plan  (ABB-ES,  1995)  and  are  presented  on 
Table  D-18.  Interpretations  on  data  usability  were  based  on  guidance  outlined  in 
the  USEPA  Region  I  Functional  Guidelines  for  Data  Validation  (USEPA  1988). 
According  to  the  guidelines,  positive  results  and  quantitation  limits  are  considered 
estimated  values  if  one  or  more  surrogate  standard  per  sample  is  outside  the 
recovery  limits.  If  any  surrogate  standard  is  recovered  at  less  than  ten  percent, 
positive  results  are  considered  estimated  values  and  non-detect  results  are 
rejected  and  considered  unusable. 
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All  VOC  samples  were  evaluated  using  the  criteria  outlined  above.  Sample 
results  were  identified  as  usable,  estimated,  or  rejected  based  on  the  USEPA 
Region  I  Guidelines.  Data  bias  was  identified  if  trends  in  surrogate  recoveries  for 
individual  samples  indicated  low  or  high  bias. 

Groundwater.  1995  Field  Investigation.  The  surrogate  recoveries  for  groundwater 
samples  at  AOCs  57,  69W  and  63AX  were  evaluated  for  matrix  effects  and 
accuracy  of  the  analytical  data.  All  samples  had  recoveries  within  CLP  ranges 
with  the  exception  of  those  discussed  below. 

Five  groundwater  samples  from  AOC  57  (MX5702X1,  MX5703X1,  MX5705X1, 
MX5706X1,  MDG307X1),  one  sample  from  AOC  69W  (MXZW12X3),  and  three 
samples  from  AOC  63AX  (MXAX03X1,  MXAX07X1,  MXAX08X1)  had 
surrogate  recoveries  for  l,2-dichlorobenzene-D4  above  the  CLP  criteria.  Positive 
results  for  VOCs  in  these  samples  should  be  considered  estimated,  and  possibly 
biased  high;  however,  no  positive  detections  were  reported  in  samples  MX5702X1, 
MX5705X1,  MX5706K1,  MD6307X1,  and  MX1X08X1.  Sample  MXAX03X1  had 
only  chloroform  reported,  which  was  likely  a  contaminant  (see  Section  2). 

Positive  results  for  ethylbenzene,  tetrachloroethene,  toluene,  xylenes,  and 
chloromethane  reported  in  MX5703X1,  MXZW12X3,  and  MXAX07X1  are 
considered  estimated  and  potentially  biased  high. 

Groundwater  samples,  MXAX08B1  and  MXAX09X1  from  AOC  63 AX,  had 
surrogate  recoveries  for  toluene-D8  and  4-bromoflourobenzene  below  the  lower 
control  limits  for  these  standards.  Based  on  these  results,  positive  results  and 
CRLs  reported  for  volatile  organics,  these  samples  should  be  considered 
estimated,  and  biased  low  values. 
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Groundwater.  Round  2.  The  surrogate  recoveries  for  groundwater  samples  at 
AOCs  57,  69W  and  63AX  were  evaluated  for  matrix  effects  and  accuracy  of  the 
analytical  data.  All  samples  had  recoveries  within  CLP  ranges  with  the  exception 
of  those  discussed  below. 

Four  groundwater  samples  from  AOC  63AX  (MXAX02X2,  MXAX03X2, 
MXAX04X2,  and  MXAX08B2)  and  six  samples  from  AOC  69W  (MXZW10X4, 
MXZW11X4,  MXZW14X4,  MXZW15X2,  MXZW18X2,  and  MDZW11X4)  had 
surrogate  recoveries  for  l,2-dichlorobenzene-D4  above  the  CLP  criteria.  Positive 
results  for  VOCs  in  these  samples  should  be  considered  estimated,  and  biased 
high;  however,  no  positive  detections,  or  only  low  concentrations  of  toluene 
(<  1.2  /xg/L)  were  reported  in  all  samples  with  the  exception  of  MXZW10X4. 
The  concentration  of  ethyl  benzene  reported  in  MXZW10X4  is  estimated  and 
potentially  biased  high. 

Surrogate  recoveries  for  toluene-D8  and  4-bromoflourobenzene  ranged  from  86% 
to  106%,  and  88%  to  100%,  respectively.  All  recoveries  were  within  the  control 
limits. 

Surface  Water.  The  recovery  of  surrogate  standard  l,2-Dichloroethane-D4  in 
surface  water  samples  WX5704XX  and  WX5705XX  from  AOC  57  exceed  the 
upper  control  limit.  No  VOCs  were  reported  in  WX5704XX.  Positive  results 
reported  for  1,2-dichloroethene,  tetrachloroethene,  and  trichloroethene  in  surface 
water  sample  WX5705XX  are  considered  estimated  and  potentially  biased  high. 
The  recoveries  for  all  other  surrogate  standards  in  surface  water  samples  were 
within  the  established  guidelines. 
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Soil.  The  recoveries  of  surrogate  standards  toluene-D8  and  4- 
bromoflourobenzene  in  soil  sample  BXZW0107  from  AOC  69W  exceeded  the 
upper  control  limit.  Positive  concentrations  of  ethylbenzene  and  xylenes  in  this 
sample  are  estimated  and  possibly  biased  high.  The  surrogate  recovery  for 
toluene-D8  in  one  sediment  sample  from  AOC  69W  (RXZW3006)  also  exceeded 
the  upper  control  limit.  Positive  results  for  toluene,  xylene,  and  styrene  should  be 
considered  estimated,  and  potentially  biased  high.  All  other  VOC  surrogate 
standard  recoveries  for  soil  samples  were  acceptable. 

Sediment.  Several  surrogate  recoveries  reported  for  sediment  samples  from  AOC 
57  were  above  the  upper  control  limits.  These  sediment  samples  include 
DX570500,  DX570502,  DX570600,  DX570800,  DX570900,  and  DX571000.  Only 
acetone  and  low  concentrations  of  toluene  (<  0.01  /xg/g)  were  reported  in  these 
samples.  Because  acetone  represents  possible  laboratory  contamination,  and 
concentrations  of  toluene  were  so  low,  no  qualification  of  these  results  was 
conducted.  All  other  VOC  surrogate  standard  recoveries  for  sediment  samples 
were  acceptable. 

VOC  surrogate  recovery  data  indicate  some  matrix  related  effects.  As  indicated 
some  sample  results  should  be  considered  estimated  with  potential  high  and  low 
bias,  but  overall  the  accuracy  of  the  GC/MS  method  used  for  VOC  analyses  was 
acceptable. 
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D.4.0  PRECISION 

Precision  is  a  measure  of  the  reproducibility  of  the  analytical  results  under  a  given 
set  of  conditions.  It  is  a  quantitative  measure  of  the  variability  of  a  group  of 
measurements  compared  to  their  average  value.  Precision  is  measured  as  the 
relative  percent  difference  (RPD)  between  a  sample  and  its  duplicate,  as  is 
calculated  for  field  duplicate  samples,  and  matrix  spike/matrix  spike  duplicate 
samples.  The  following  equation  is  used  to  calculate  the  RPD. 


RPD  =  100  X  -=-i — —  1 
0.5(DX+Z)^ 

and  D2  are  the  reported  concentrations  for  sample  duplicate  analyses. 

When  measuring  precision  for  organic  analyses,  the  RPDs  of  the  field  duplicates 
are  compared  to  established  review  criteria.  The  RPDs  for  field  duplicates  are 
compared  to  the  acceptance  criteria  of  50%  RPD  for  soil  matrices  and  30%  RPD 
for  water  matrices  (USEPA,  1988b).  The  criteria  for  RPDs  for  organic 
compounds  in  field  duplicates  did  not  apply  in  cases  where:  1.)  the  results  are 
non-detect  and;  2.)  the  compounds  detected  are  common  lab  contaminants.  In 
cases  where  one  organic  result  is  non-detect,  the  CRL  value  was  used  to  calculate 
the  RPD.  The  acceptance  criteria  for  inorganic  analysis  for  field  duplicate 
samples  only  applies  to  analytes  that  are  greater  than  5  times  the  CRL  (USEPA, 
1989b). 
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Precision  is  also  evaluated  by  comparison  of  MS  and  MSD  results.  The  USEPA 
CLP  control  limits  were  used  to  evaluate  duplicate  precision  between  MS  and 
MSDs.  In  cases  where  USEPA  CLP  control  limits  for  spikes  are  not  available, 
such  for  inorganics  and  various  USEPA  analytical  methods,  the  control  limits  for 
field  duplicates  listed  above  were  used  as  guidance. 

A  discussion  of  the  RPDs  for  field  duplicates  is  presented  below  in  Section  4.1, 
and  the  RPDs  for  MS/MSDs  are  presented  in  Section  4.2. 


D.4.1  off-site  Laboratory  Field  Duplicate  Results 

Duplicate  samples  from  AOCS  57,  63AX,  and  69W  at  Fort  Devens  were  collected 
to  measure  the  sampling  and  analytical  precision  for  analyses  performed  at  the 
off-site  laboratory.  The  duplicate  samples  were  analyzed  for  the  following  Fort 
Devens  PAL  analytes:  inorganics;  VOCs;  SVOCs;  pesticide  and  PCBs.  Aqueous 
field  duplicate  samples  were  also  analyzed  for  various  water  quality  parameters 
including  hardness,  alkalinity,  sulfate,  phosphate  and  nitrogen.  Soil  and  sediment 
field  duplicate  samples  were  also  analyzed  for  TOC  and  TPHC. 

All  field  duplicate  data  collected  during  the  Fort  Devens  Site  Investigations  are 
,  shown  in  Table  D-19  and  Table  D-20.  The  RPD  has  been  calculated  for  each 
pair  of  field  duplicates  collected  during  the  1995  Fort  Devens  Site  Investigation, 
and  the  Round  2  Groundwater  sampling  event. 
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D.4.1.1  Inorganics 

An  analysis  of  the  precision  of  the  inorganic  duplicate  data  was  completed  for 
each  PAL  element. 

Groundwater.  1995  Field  Investigation.  The  concentrations  of  inorganics  in  three 
groundwater  samples  and  corresponding  field  duplicates  were  used  to  evaluate 
sampling  and  analytical  precision  for  elements.  One  sample  duplicate  from  each 
of  the  three  AOCs  (57,  63AX,  and  69W)  were  collected.  The  RPDs  of  all 
inorganic  groundwater  concentrations  for  duplicates  were  below  the  USEPA 
Region  I  limits  with  the  exception  of  iron.  However,  outlier  RPDs  for  iron  were 
only  observed  in  one  out  of  three  sample  duplicate  pairs.  Groundwater  sample 
results  for  elements  were  not  qualified  based  on  duplicate  results. 

Groundwater.  Round  2.  The  concentrations  of  inorganics  in  four  filtered  and 
unfiltered  groundwater  samples  duplicate  pairs  were  used  to  evaluate  precision  for 
elements.  One  sample  duplicate  pair  from  each  of  the  three  AOCs  (57,  63AX, 
and  69W)  and  one  additional  sample  'duplicate  pair  from  AOC  57  were  collected. 
Elements  for  which  at  least  one  outlier  RPD  was  observed  are  shown  in  the 
Table  D-21.  Outlier  RPDs  were  observed  for  arsenic,  iron,  and  barium  ;  however, 
the  frequency  at  which  an  outlier  RPD  was  observed  was  low.  Groundwater  data 
for  these  elements  were  not  qualified  based  on  duplicate  precision  results. 

Surface  Water.  One  surface  water  sample  and  duplicate  were  collected  and 
evaluated  for  precision.  The  RPDs  of  all  inorganic  concentrations  were  within  the 
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USEPA  Region  I  limits.  Surface  water  sample  results  for  inorganics  were  not 
qualified. 

Soil.  One  sample  duplicate  pair  from  each  of  the  three  AOCs  (57,  63AX,  and 
69W)  were  collected.  Elements  for  which  at  least  one  outlier  RPD  was  observed 
are  shown  in  the  Table  D-22.  Outlier  RPDs  were  observed  for  arsenic  and 
potassium;  however,  the  frequency  at  which  an  outlier  RPD  was  observed  was 
low.  Soil  sample  data  for  these  elements  were  not  qualified  based  on  duplicate 
precision  results. 

Sediment.  Two  sediment  sample  duplicate  pairs,  one  from  AOC  57  and  one  from 
AOC  69W  were  collected  and  evaluated  for  precision.  Elements  for  which  the 
RPD  was  greater  than  the  control  limit  50%  are  shown  in  Table  D-22.  All  outlier 
values  were  associated  with  sediment  sample  DX570300  from  AOC  57.  Based  on 
the  variability  of  results  in  this  sediment  sample,  concentrations  of  mercury, 
manganese,  sodium,  and  zinc  in  sediment  samples  from  AOC  57  should  be 
considered  estimated. 

D.4.1.2  VOCs 

Duplicate  VOC  sample  results  were  evaluated  to  assess  the  sampling  and 
analytical  precision. 

Groundwater.  1995  Field  Investigation.  Three  groundwater  sample  duplicate 
pairs,  one  from  each  AOC,  were  collected.  The  majority  of  target  compounds 
were  non-detects  in  both  analyses.  Compound  RPDs  were  within  the  USEPA 
Region  I  guidelines  with  the  exception  of  ethylbenzene.  Ethylbenzene  was 
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detected  in  sample  MDZX12X3  from  AOC  69W  at  6  /xg/L;  the  corresponding 
sample  duplicate  MXZW12X3  was  non-detect  with  a  reporting  limit  of  less  than 
0.5  /xg/L.  The  resulting  RPD  was  169.2%.  High  RPDs  are  commonly  reported 
for  samples  with  results  at  or  near  the  reporting  limits  as  in  sample  MXZW12X3. 
In  general,  the  duplicate  data  indicate  that  there  was  good  precision  of  the 
aqueous  VOC  concentrations,  and  qualification  of  the  data  was  not  conducted. 

Groundwater.  Round  2.  Three  groundwater  sample  duplicate  pairs,  one  from 
each  AOC,  and  one  additional  duplicate  pair  from  AOC  57  were  collected.  The 
majority  of  target  compounds  were  non-detects  in  both  analyses.  Compound 
RPDs  were  within  the  USEPA  Region  I  guidelines  with  the  exception  of  toluene. 
Toluene  was  detected  in  sample  MX5701X2  from  AOC  57  at  1.2  /xg/L;  the 
corresponding  sample  duplicate  MD5701X2  was  non-detect  with  a  reporting  limit 
of  less  than  0.5  /xg/L.  The  resulting  RPD  was  82.4%.  High  RPDs  are  commonly 
reported  for  samples  with  results  at  or  near  the  reporting  limits.  In  general,  the 
field  duplicate  data  indicate  that  there  was  good  precision  of  the  aqueous  VOC 
concentrations  and  qualification  of  the  data  was  not  conducted. 

Surface  Water.  The  concentrations  of  one  duplicate  pair  of  surface  water  samples 
from  AOC  57,  WX5703XX,  were  assessed  for  precision.  All  surface  water  sample 
duplicate  results  were  reported  as  non-detect  indicating  good  precision  for  surface 
water  VOC  data. 

Soil.  One  sample  duplicate  from  AOCs  57,  63AX,  and  69W  was  collected.  The 
majority  of  target  compounds  were  non-detects  in  both  analyses.  The  RPDs  for 
all  duplicate  groundwater  results  were  below  the  USEPA  Region  I  limits  with  the 
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exception  of  toluene.  The  RPD  for  toluene  in  soil  sample  BXZW0100  from  AOC 
69W  was  127.1%.  Toluene  results  for  sample  BXZW0100  are  considered 
estimated  values.  However,  the  frequency  at  which  an  outlier  RPD  was  observed 
for  toluene  was  only  one  out  of  three.  Qualification  of  other  sample  results  was 
not  conducted  based  on  duplicate  results. 

Sediment.  Two  sediment  sample  duplicate  pairs,  one  from  AOC  57  and  one  from 
AOC  69W,  were  collected.  All  VOC  results  for  sediment  samples  and  sample 
duplicates  were  reported  as  non-detect.  VOC  results  in  sediment  samples  were 
not  qualified  based  on  duplicate  results. 

D.4.1.3  SVOCs 

Duplicate  SVOC  sample  results  were  evaluated  to  assess  sampling  and  analytical 
precision. 

Groundwater.  1995  Field  Investigation.  Duplicates  for  one  water  sample  from 
each  AOC  were  collected.  With  the  exception  of  phthalate  esters,  there  were  no 
target  SVOCs  detected  in  groundwater  sample  duplicate  pairs  indicating  good 
agreement  between  results. 

Groundwater.  Round  2.  Three  groundwater  sample  duplicate  pairs,  one  from 
each  AOC,  and  one  additional  duplicate  pair  from  AOC  57  were  collected.  The 
majority  of  target  SVOCs  were  non-detects  in  both  analyses.  The  RPDs  of 
duplicate  results  were  within  the  USEPA  Region  I  guidelines  with  the  exception 
of  1,3,5-  trimethylbenzene.  This  compound  was  detected  in  sample  MX5703X2 
from  AOC  57  at  30  jig/L,  and  the  corresponding  sample  duplicate  MD5703X2  at 
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20  /ig/L.  Results  of  1,3,5-trimethylbenzene  in  sample  MX5703X2  is  considered 
estimated.  In  general,  the  field  duplicate  data  indicate  that  there  was  good 
precision  of  the  aqueous  SVOC  concentrations  and  additional  qualification  of  the 
data  was  not  conducted. 

Surface  Water.  One  surface  water  sample  from  AOC  57  was  collected.  There 
were  no  target  SVOCs  detected  in  either  sample  indicating  good  agreement 
between  the  results. 

Soil.  Three  duplicate  soil  samples,  one  from  each  AOC,  were  analyzed.  The 
majority  of  target  SVOCs  were  non-detect  in  both  analyses.  All  RPDs  were 
within  USEPA  limits. 

Sediment.  Two  sediment  samples,  one  from  AOC  57  and  one  from  AOC  69W, 
were  analyzed  in  duplicate.  For  most  target  SVOCs  concentrations  were  non- 
detect  in  both  the  sample  and  sample  duplicate,  and  resulting  in  acceptable 
agreement  between  results.  Target  SVOCs  detected  include  pyrene  and 
fluoranthene.  The  sample  duplicate  RPDs  for  fluoranthene  in  sample 
DXZW0100  and  pyrene  in  sample  DXZW0100  were  66.7%,  exceeding  the 
precision  control  limit  of  50%.  Based  on  these  results,  concentrations  of  PAHs 
reported  in  sediment  samples  should  be  considered  estimated  values. 


D.4.1.4  USEPA  Methods 


An  analysis  of  duplicate  results  for  a  variety  of  water  quality  parameters  obtained 
using  standard  USEPA  methods  was  also  conducted.  Soil  and  sediment  samples 
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were  also  analyzed  for  TOC  and  TPHC.  A  discussion  of  precision  between 
sample  duplicates  analyzed  for  these  parameters  is  presented  below. 

Groundwater.  1995  Field  Investigation.  Three  groundwater  samples,  representing 
one  sample  from  each  AOC,  were  collected.  Hardness  concentrations  for 
groundwater  sample  MXAX03X1  and  the  sample  duplicate  MXAX03X1  from 
AOC  63AX  were  reported  as  18,000  /xg/L  and  non-detect  (less  than  1000  /xg/L). 
The  RPD  was  178.9%,  exceeding  the  control  limit  of  30%.  However  the  RPDs 
for  the  other  two  groundwater  duplicate  pairs  ranged  from  0%  to  5.7%  indicating 
excellent  precision. 

Additional  parameters  evaluated  for  precision  in  groundwater  include  alkalinity, 
sulfate,  total  phosphate,  nitrate  and  nitrite-nitrogen,  and  nitrogen  by  the  kjeldahl 
method.  With  the  exception  of  nitrate  and  nitrite-nitrogen  data,  all  results  had 
RPDs  within  control  limits.  The  RPD  for  nitrate  and  nitrite  nitrogen  in 
groundwater  sample  MXAX03X1  from  AOC  63 AX  was  85.5%.  However  the 
RPDs  for  the  other  two  groundwater  duplicate  pairs  ranged  from  9.2%  to  26.1%, 
indicating  acceptable  precision.  Based  on  these  results,  nitrate/nitrite 
concentrations  from  AOC  63AX  groundwaters  are  considered  estimated. 

Overall,  precision  between  groundwater  samples  for  water  quality  parameters  is 
considered  acceptable,  and  additional  qualification  of  the  data  was  not  conducted. 

Groundwater.  Round  2.  Three  groundwater  duplicate  samples,  representing  one 
sample  from  each  AOC,  and  one  additional  sample  from  AOC  57  were  collected. 
Hardness  concentrations  for  groundwater  sample  MXAX04X2  and  the  sample 
duplicate  MDAX04X2  from  AOC  63AX  were  reported  as  264,000  /xg/L  and 
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6,800  /ig/L.  The  RPD  was  190%,  well  above  the  RPD  goal  of  30%.  Based  on 
these  results,  hardness  results  for  AOC  63AX  are  considered  estimated.  The 
RPDs  for  the  three  groundwater  duplicate  pairs  ranged  from  5.8%  to  7.8% 
indicating  excellent  precision. 

Additional  parameters  evaluated  for  precision  in  groundwater  include  alkalinity, 
sulfate,  total  phosphate,  nitrate  and  nitrite-nitrogen,  and  nitrogen  by  the  kjeldahl 
method.  With  the  exception  of  nitrate  and  nitrite-nitrogen  data,  and  total 
phosphate  data  all  results  had  RPDs  within  control  limits. 

The  RPD  for  nitrate  and  nitrite-nitrogen  in  sample  MXAX04X2  and  sample 
duplicate  MDAX04X2  from  AOC  63AX  was  38.7%.  The  RPD  in  the  sample 
duplicate  pair  MXZW11X4  and  MDZW11X4  from  AOC  69W  was  198%,  also 
exceeding  the  control  limit.  Based  on  these  results  nitrate/nitrite  results  are 
considered  estimated  values.  However,  the  RPDs  for  the  other  two  groundwater 
duplicate  pairs  ranged  from  3.8%  to  8.7%,  indicating  acceptable  precision. 

For  total  phosphate,  two  of  the  four  sample  duplicate  pairs  had  outlier  RPDs. 
The  RPDs  were  48.9%  for  sample  duplicate  pair  MX5703X2  and  MD5703X2 
from  AOC  57,  and  52.2%  for  sample  duplicate  pair  MXZW11X4  and 
MDZW11X4  from  AOC  69W.  Based  on  these  results,  phosphate  results  from 
AOC  57  and  69W  are  considered  estimated  values.  The  remaining  two  field 
duplicates  analyzed  for  total  phosphate  had  RPDs  of  0%  and  2.2%  indicating 
acceptable  precision. 
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Surface  water.  One  surface  water  field  duplicate  sample  from  AOC  57, 
WX5703XX,  was  collected.  Precision  criteria  for  sulfate  and  alkalinity  in  this 
surface  water  sample  were  acceptable.  The  control  limit  of  30%  RPD  was 
exceeded  for  hardness,  total  phosphate,  and  nitrogen  by  the  kjeldahl  method. 

The  results  for  kjeldahl  nitrogen  for  the  sample  and  duplicate  were  1430  /xg/L 
and  229  /xg/L.  The  RPD  for  these  results  was  144.8%.  The  results  for  total 
phosphate  ranged  from  24.8  /xg/L  and  118  /xg/L  between  the  sample  and  sample 
duplicate,  with  an  RPD  of  130.5%.  The  RPD  for  hardness  was  32.5%.  Positive 
results  in  surface  water  samples  for  nitrogen  determined  by  the  kjeldahl  method, 
hardness,  and  total  phosphate  should  be  considered  estimated. 

Soil.  One  soil  field  duplicate  sample  from  AOC  63 AX  (BXAX0410)  was 
collected  and  analyzed  for  TOC.  Three  soil  duplicate  samples  including 
BXAX0215  from  AOC  63AX,  sample  BXZW0100  from  AOC  69W,  and  sample 
EX570405  from  AOC  57  were  collected  for  TPHC  (USEPA  Method  9071/418.1). 
All  RPDs  for  these  parameters  were  within  RPD  goals  demonstrating  consistency 
for  the  method  and  matrix. 

Sediment.  Two  sediment  sample  duplicate  pairs,  DXZW0100  and  DDZW0100 
from  AOC  69W,  and  DX570300  and  DD570300  from  AOC  57,  were  evaluated  for 
precision  of  TOC  and  TPHC  data. 

The  TOC  results  for  the  sediment  sample  and  duplicate  from  AOC  69W  were 
12,400  /x g/g  and  7,420  /xg/g.  The  RPD  of  these  results  is  50.5%,  slightly  above 
the  50%  RPD  limit.  The  TPHC  results  (USEPA  method  9071/418.1)  for  this 
sample  duplicate  pair  were  896  /x g/g  and  360  /xg/g,  with  an  RPD  of  85.4%.  Based 
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on  these  duplicate  results,  TPH  results  for  all  AOC  69W  sediments  should  be 
considered  estimated  values.  The  RPDs  for  TOC  and  TPHC  in  the  sediment 
sample  from  AOC  57  were  within  RPD  goals  and  results  for  AOC  57  sediments 
were  not  qualified. 


D.4.2  Off-site  Laboratory  Spike  Duplicate  Results 

All  matrix  spike  duplicate  data  and  the  corresponding  RPDs  for  the  1995  Fort 
Devens  Site  Investigation  and  Round  2  Groundwater  sampling  event  are 
presented  in  Table  D-10  and  Table  D-ll.  The  RPDs  for  spike  duplicates  were 
calculated  for  TPH,  TOC,  inorganics,  and  pesticide/PCBs  and  compared  to  the 
USEPA  CLP  control  limits  (USEPA,  1988a)  to  determine  precision  of  analysis. 
Samples  with  RPDs  for  spike  samples  outside  control  limits  are  discussed  below. 

D.4.2.1  Inorganics 

Elements  were  spiked  into  groundwater,  surface  water,  soil  and  sediment  samples 
to  evaluate  precision.  The  USEPA  CLP  guidelines  do  not  specify  limits  for  spike 
RPDs  for  elements.  As  a  result,  the  RPD  limits  for  laboratory  duplicates  of  25% 
in  water  samples  and  35%  in  soil  samples  specified  in  the  USEPA  Region  I 
Guidelines  (USEPA,  1989b)  were  used  as  guidance. 

Groundwater.  1995  Field  Investigation.  Two  groundwater  samples  from  AOC  57, 
MX5701X1  and  MX5705X1,  and  one  groundwater  sample  from  AOC  69W 
MXZW10X3  were  evaluated  for  precision  based  on  spiked  samples.  Both  filtered 
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and  unfiltered  samples  were  included  in  this  evaluation.  The  percent  recoveries 
of  iron  for  spike  duplicates  in  sample  MXZW10X3  were  105.0%  and  55.5%,  with 
and  RPD  of  62%.  Iron  results  for  groundwater  from  AOC  69W  are  considered 
estimated.  The  RPDs  for  all  other  elements  in  spiked  groundwater  samples  were 
within  EPA  limits. 

Groundwater.  Round  2.  Three  groundwater  MS/MSD  samples,  one  from  each 
AOC,  and  one  additional  sample  for  AOC  69W  were  evaluated  for  precision 
based  on  spiked  samples.  Both  filtered  and  unfiltered  samples  were  included  in 
this  evaluation.  The  RPDs  for  all  elements  in  spiked  groundwater  samples  were 
acceptable  indicating  excellent  method  performance. 

Surface  water.  Filtered  and  unfiltered  fractions  of  surface  water  sample 
WX5705XX  from  AOC  57  were  assessed  for  spike  duplicate  precision.  The  RPDs 
for  all  elements  were  within  USEPA  limits. 

D.4.2.2  Pesticides/PCBs 

Pesticide  and  PCB  compounds  were  spiked  in  duplicate  into  groundwater,  surface 
water,  soil  and  sediment  samples  to  evaluate  precision.  Nine  target  pesticide  and 
two  PCB  compounds  were  used  including  endosulfan  I,  endosulfan  II,  aldrin, 
dieldrin,  endrin,  heptachlor,  isodrin,  lindane,  methoxychlor,  4,4’-DDT,  aroclor 
1016,  and  aroclor  1260.  The  USEPA  CLP  control  limits  for  pesticide  compounds 
used  in  the  CLP  methods  are  shown  in  Table  D-23.  The  USEPA  CLP  guidelines 
do  not  specify  limits  for  spike  RPDs  for  endosulfan  I,  endosulfan  II,  isodrin,  and 
PCBs.  For  these  compounds,  the  RPD  control  limits  for  field  duplicates  of  30% 
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in  water  samples  and  50%  in  soil  samples  specified  in  the  Region  1  USEPA 
guidelines  (USEPA,  1988b)  were  used. 

Groundwater.  1995  Field  Investigation.  Three  groundwater  samples,  MX5701X1, 
MXAX02X1,  and  MXZW10X3,  from  AOC  57,  63AX  and  69W,  respectively,  were 
spiked  with  target  pesticides  and  PCBs.  For  the  CLP  spike  compounds  only 
aldrin  and  lindane  in  the  groundwater  sample  from  AOC  69W  exceeded  the 
USEPA  control  limits.  The  RPD  for  lindane  was  15.3%  and  aldrin  was  32.5%. 

All  other  pesticides  and  PCBs  had  spike  RPDs  less  than  30%  with  the  exception 
of  methoxychlor  in  sample  MXZW10X3  from  AOC  69W.  The  RPD  for 
methoxychlor  (34.3%)  was  only  slightly  above  the  USEPA  duplicate  RPD  limit. 
These  compounds  were  not  detected  in  any  groundwater  samples  and  no 
qualification  of  results  was  conducted. 

Groundwater.  Round  2.  Three  groundwater  samples,  MXG302X2,  MXAX03X2, 
and  MXZW12X4,  from  AOC  57,  63AX  and  69W,  respectively,  were  spiked  with 
target  pesticides  and  PCBs.  The  RPDs  for  spiked  PCBs  in  all  three  groundwater 
sample  were  within  USEPA  duplicate  limits.  For  pesticides,  eight  out  of  the  ten 
spiked  compounds  had  RPD  exceedances  in  groundwater  samples  from  AOC  57 
and  69W.  Based  on  frequency  of  RPD  exceedances  for  pesticides  in  samples 
MXG302X2  and  MXZW12X4,  positive  results  reported  in  samples  from  AOCs  57 
and  69W  should  be  considered  estimated.  The  only  positive  detections  were  low 
concentrations  of  endosulfan  II  in  sample  EX5706X1  and  heptachlor  epoxide  and 
gamma-chlordane  in  MXZW10X4.  These  concentrations  are  considered 
estimated.  The  RPDs  for  pesticides  in  sample  MXAX03X2  from  AOC  63W 
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ranged  from  2.2%  to  5.8%  indicating  excellent  precision  for  this  sample. 
Qualification  of  the  data  from  AOC  63  AX  was  not  conducted. 

Surface  water.  One  surface  water  spiked  sample,  WX5705XX,  from  AOC  57  was 
evaluated  for  precision.  All  RPDs  for  this  sample  were  within  RPD  limits 
indicating  good  method  performance  and  sampling  precision. 

Soil.  The  RPDs  of  four  spiked  soil  samples  from  AOC  57  (EX570506,  EX571502, 
EX572500,  BX570319)  were  used  to  evaluate  precision.  The  RPDs  for  these 
samples  were  within  RPD  limits  indicating  acceptable  method  performance  and 
sampling  precision. 

Sediment.  The  RPDs  from  two  spiked  sediment  samples  were  used  to  evaluate 
precision.  These  samples  include  DX570500  from  AOC  57  and  DXZW0200  from 
AOC  69W.  The  RPDs  for  all  pesticide  and  PCBs  were  within  RPD  limits  with 
the  exception  of  aroclor  1260.  The  RPD  for  aroclor  1260  was  50.8%,  which  is 
only  slightly  above  the  control  duplicate  control  limit  of  50%.  Overall,  pesticide 
and  PCB  results  for  precision  in  sediment  are  acceptable  and  qualification  of  the 
data  was  not  conducted. 

D.4.2.3  USEPA  Methods 


Precision  for  spiked  samples  was  also  evaluated  for  various  water  quality 
parameters  including  hardness,  alkalinity,  total  phosphate,  sulfate,  nitrate  and 
nitrite-nitrogen,  and  kjeldahl-nitrogen  in  water  samples,  and  TPH  and  TOC  in  soil 
and  sediment  samples.  USEPA  CLP  guidelines  for  evaluating  spike  duplicate 
RPDs  are  not  available.  The  USEPA  Region  I  control  limits  for  field  duplicates 
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30%  in  water  and  50%  in  soil  were  used  to  compare  RPDs  between  spiked 
samples. 

Groundwater.  1995  Field  Investigation.  Several  groundwater  samples  were  spiked 
in  duplicate  for  the  water  quality  parameters  listed  above  to  evaluate  precision. 
All  RPDs  between  the  MS  and  MSDs  were  less  than  the  30%  control  limit 
indicating  excellent  method  performance.  The  RPDs  for  hardness  for  both  the 
filtered  and  unfiltered  fraction  in  sample  MXAX03X2  were  reported  as  139.2% 
However,  evaluation  of  the  raw  data  indicated  the  calculation  of  RPDs  was 
erroneous,  and  the  actual  RPDs  ranged  from  1%  to  29.9%.  Based  on  the 
MS/MSD  results,  qualification  of  water  quality  data  is  not  required. 

Groundwater.  Round  2.  Several  groundwater  samples  were  spiked  in  duplicate 
for  the  water  quality  parameters  listed  above  to  evaluate  precision.  All  RPDs 
between  the  MS  and  MSDs  were  less  than  the  30%  control  limit  with  the 
exception  of  hardness  in  sample  MXAX03X2  from  AOC  63AX.  The  spiked 
sample  concentrations  for  hardness  in  this  sample  and  the  sample  duplicate  were 
4000  /xg/L  and  1000  ptg/L,  with  an  RPD  of  120%.  Based  on  these  results 
hardness  in  samples  from  AOC  63AX  are  considered  estimated  values.  The 
RPDs  for  hardness  in  the  three  other  groundwater  samples  ranged  from  0%  to 
2.4%  indicating  excellent  method  performance.  The  frequency  of  outlier  RPDs 
for  hardness  was  low  so  qualification  of  the  data  was  not  required. 

Surface  water.  Two  surface  water  samples  from  AOC  57  including  WX5703XX, 
and  WX5705XX  were  spiked  in  duplicate  for  the  water  quality  parameters  listed 
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above  to  evaluate  precision.  All  RPDs  between  the  MS  and  MSDs  were  less  than 
the  30%  control  limit  indicating  acceptable  method  performance. 

Soil.  Soil  samples  from  AOC  57  (EX570506,  EX571502)  were  spiked  in  duplicate 
for  TOC  and  TPHC  (USEPA  Modified  Method  8015)  to  evaluate  precision. 
Samples  BX570122,  BX570615  from  AOC  57,  and  BXZW1607  from  AOC  69W 
were  also  spiked  in  duplicate  for  TOC.  All  RPDs  between  the  MS  and  MSDs 
were  less  than  the  50%  RPD  limit  indicating  acceptable  method  performance. 

Sediment.  Sediment  samples  from  AOC  57  (DX570500)  and  AOC  69W 
(DXZW0200)  were  spiked  in  duplicate  for  TOC,  TPH  as  gasoline  and  diesel  fuel 
(USEPA  Method  8015)  and  TPHC  (USEPA  Method  9071/418.1)  to  evaluate 
precision. 

Sample  DX570900  from  AOC  57  was  spiked  in  duplicate  for  TOC  and  the  results 
were  54.0  /x g/g  and  0.9  /x g/g.  An  RPD  of  193.5%  was  calculated  for  these  TOC 
results,  exceeding  the  50%  control  limit.  This  sample  had  high  concentrations  of 
TOC  relative  to  spike  concentrations  and  no  actions  were  taken  based  on  these 
RPDs.  The  two  additional  TOC  duplicate  sample  pairs  had  RPDs  of  30%  and 
50.2%. 

The  RPDs  of  sediment  samples  for  TPHC  as  gasoline  and  diesel  fuel  exceeded 
the  50%  control  limits  in  one  of  the  two  spiked  sample  pairs.  These  outlier  RPDs 
were  from  sample  DX570500  and  ranged  from  54.8%  (TPH  as  gasoline)  to  63.7% 
(TPH  as  diesel  fuel).  However,  RPDs  for  the  second  sediment  duplicate  pair 
were  8.2%  (TPH  as  diesel)  and  0%  (TPH  as  gasoline)  indicating  excellent 
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agreement  between  results.  Based  on  duplicate  spike  data,  TPH  results  for 
sediment  samples  overall  are  acceptable  and  do  not  require  qualification. 

The  RPDs  for  spiked  sediment  samples  for  TPHC  by  USEPA  Method  9071/418.1 
exceeded  the  control  limit  in  one  of  the  two  sample  pairs.  An  outlier  RPD  of 
169%  was  observed  for  sample  DX570500.  However,  the  RPD  for  the  second 
sediment  duplicate  pair  was  0%  indicating  excellent  agreement  between  results. 
Based  on  duplicate  spike  data,  TPHC  (USEPA  Method  9071/418.1)  results  for 
sediment  samples  were  not  qualified. 
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D.5.0  COMPARISON  OF  OFF-SITE  AND  ON-SITE  ANALYTICAL  RESULTS 


This  section  discusses  the  results  of  a  comparison  of  data  generated  from  chemical 
analyses  performed  on  soil  samples  collected  during  the  1995  AOC  57,  63AX,  and 
69W  Remedial  Investigations  at  Fort  Devens,  Massachusetts.  A  total  of  36  split 
samples  were  collected  between  September  12,  1995  through  October  2,  1995. 

The  soil  samples  were  split  in  the  field  and  submitted  for  on-site  and  off-site 
volatile  analysis  and  petroleum  hydrocarbons.  The  purpose  of  collection  of  the 
split  samples  is  to  provide  a  comparison  of  the  on-site  data  with  the  associated 
off-site  data,  in  order  to  evaluate  data  quality  and  establish  the  on-site  results  as 
screening  data  with  definitive  confirmation  (USEPA,  1993). 


D.5.1  Analytical  Methodologies 

The  analytical  methods  used  on-site  were  purge  and  trap  gas  chromatography 
(GC)  analyses  for  volatile  organic  compounds  (VOCs)  in  soil  using  a  flame 
ionization  detector  (FID)  for  benzene,  toluene,  ethylbenzene,  m/p-xylene,  and  o- 
xylene  (BTEX),  and  chlorobenzene,  and  chlorinated  VOCs  using  an  electron 
capture  detector  (ECD)  for  1,1-dichloroethene,  trichloroethene,  tetrachloroethene; 
1,1,1-trichloroethane,  carbon  tetrachloride,  and  chloroform.  The  purge  and  trap 
GC  field  screening  also  provides  an  estimate  of  the  concentration  of  non-target 
fuel  hydrocarbons,  or  total  petroleum  hydrocarbons  (TPH).  The  TPH 
concentration  represents  an  estimate  of  total  hydrocarbons  present  that  are 
detected  by  the  FID.  The  TPH  analysis  is  reported  as  the  total  TPH  response  of 
peaks  associated  with  the  calibration  of  the  FID  with  a  JP-4  standard.  The  TPH 
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data  are  the  primary  means  of  identifying  volatile  fuel-related  contamination  in 
highly  contaminated  samples. 

Soil  samples  were  also  analyzed  at  the  on-site  laboratory  for  semivolatile  total 
petroleum  hydrocarbons  (TPH)  using  modified  USEPA  Method  3500  followed  by 
analysis  using  USEPA  Method  418.1. 

The  on-site  field  screening  target  compound  data  were  evaluated  using  the 
USAEC  off-site  analytical  GC/mass  spectrometry  (MS)  method  for  VOCs.  As 
discussed  in  Section  D-2,  this  method  is  based  on  USEPA  Method  8260  with 
subsequent  certification  by  USAEC.  Off-site  TPH  results  were  generated  using 
USEPA  Method  9071  to  extract  samples  followed  by  analysis  using  USEPA 
Method  418.1  (USEPA  1983;  USEPA  1986). 

D.5.3  Program  Objectives 

The  objectives  of  the  on-site  soil  field  screening  analytical  program  were  to 
evaluate  the  downgradient,  lateral,  and  vertical  distribution  of  contamination  in 
overburden  soil,  and  identify  critical  samples  for  off-site  laboratory  analysis.  For 
the  purpose  of  this  on-site/off-site  data  comparison  action  levels  to  evaluate  the 
data  sets  were  based  on  Category  S-l  soils  cleanup  criteria  outlined  in  the 
Massachusetts  Contingency  Plan  (MCP)  (MADEP,  1995).  A  summary  of  target 
compound  action  levels  for  each  target  compound  evaluated  using  the  on-site 
methods  is  outlined  below: 
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Action  Level  (jag/gl 


Benzene 

10 

Toluene 

90 

Ethylbenzene 

80 

Total  Xylenes 

500 

1, 1-Dichloroethene 

0,3 

Chloroform 

0.1 

1,1, 1-Trichloroethane 

30 

Carbon  Tetrachloride 

1 

Trichloroethene 

0.4 

T  etrachloroethene 

0.5 

TPH 

500 

D.5.4  Data  Comparison  and  Evaluation 

Comparability  of  the  data  was  evaluated  using  two  separate  comparisons  outlined 
in  Section  4.6  of  the  POP  (ABB-ES,  1995).  The  first  comparison  evaluates 
agreement  based  on  detection  of  analytes  relative  to  action  levels.  The  second 
comparison  evaluates  data  based  on  relative  percent  differences  (RPDs)  between 
split  samples.  Results  of  the  on-site/off-site  analyses  are  summarized  on 
Table  D-24. 

D.5.4.1  Comparison  1 

In  this  comparison  on-site  and  off-site  results  were  organized  into  one  of  the  four 
categories  described  below: 

1.  Both  on-site  and  off-site  analyses  had  the  target  compounds 

detected/non-detected  at  concentrations  less  than  the  action  levels. 
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2.  Both  on-site  and  off-site  analyses  had  the  target  analytes  detected  at 
concentrations  greater  than  action  levels. 

3.  The  target  compounds  were  reported  above  action  levels  for  on-site 
and  the  off-site  data  results  were  less  than  action  levels. 

4.  The  target  compounds  were  reported  above  the  action  level  off-site 
and  the  on-site  results  were  less  than  the  action  levels. 

A  primary  assumption  of  the  comparison  was  that  the  off-site  data  represented 
the  accurate  definitive  data  when  comparing  results.  Sample  data  which  fall 
within  categories  1  and  2  represent  agreement  between  on-site  and  off-site 
analytical  results.  Sample  data  in  category  3  suggested  a  high  bias  in  the  on-site 
results.  Sample  data  in  category  4  suggest  a  low  bias  in  on-site  results.  The 
analytical  goal  of  the  program  was  to  have  over  95  percent  of  the  results  fall  into 
categories  1,  2  and  3. 

The  detection  of  target  VOCs  by  the  on-site  laboratory  relative  to  action  levels 
was  confirmed  by  the  off-site  laboratory.  The  majority  of  the  soil  samples  fell 
within  Category  1.  One  exception  was  the  split  sample  result  for  EX570704  and 
EF570704,  where  one  target  compound  (1,1-dichloroethene)  fell  into  Category  3. 
This  sample  was  analyzed  at  a  145X  dilution  and  the  1,1-dichloroethene  detection 
was  identified  as  possible  laboratory  contamination  at  the  time  of  analysis  in  the 
field.  1,1,-Dichloroethene  contamination  was  not  observed  in  other  field 
screening  samples  and  no  trend  is  apparent.  The  off-site  results  confirm  that  the 
on-site  1,1-dichloroethene  detection  was  a  false  positive.  Overall,  these  results 
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indicate  good  comparison  of  on-site  and  off-site  results  for  volatile  organic 
compounds,  and  that  the  goals  of  the  field  program  for  usability  of  on-site  results 
were  met. 

The  results  of  all  split  sample  analysis  fell  into  Category  1  and  Category  2 
indicating  complete  agreement  for  the  on-site  and  off-site  analyses  relative  to 
action  levels  for  fuel  hydrocarbons.  These  data  indicate  that  the  on-site  data  are 
adequate  for  the  evaluation  of  the  distribution  of  hydrocarbons  at  the  500  /xg/g 
action  levels. 

D.5.4.2  Comparison  2 

For  the  second  comparison,  relative  percent  difference  (RPD)  values  were 
calculated  for  associated  on-site/off-site  surface  soil  samples.  Calculation  of  RPD 
is  outlined  in  the  POP  (ABB-ES,  1995).  RPD  values  were  compared  to  USEPA 
Region  I  duplicate  criteria  of  50%. 

VOCs 


The  majority  of  results  were  non-detects  in  both  the  on-site  and  off-site  laboratory 
indicating  consistent  agreement  with  the  absence  of  contamination  for  VOCs. 
RPDs  for  the  majority  of  samples  with  VOCs  detected  exceeded  the  50  RPD 
project  goal.  In  many  of  the  samples  low  concentrations  of  VOCs  were  reported 
at,  or  near,  the  reporting  limit  of  the  other  split  sample.  Examples  of  this  can  be 
seen  in  samples  BX570515,  EX570200,  EX571000,  and  EX571700.  Detection 
limits  for  soils  are  in  the  low  part  per  billion  range  and  lack  of  quantitative 
agreement  at  these  low  concentrations  are  not  interpreted  to  impact  use  of  field 
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screening  results.  -In  some  samples,  concentrations  of  VOCs  reported  for  the  on¬ 
site  screening  analysis  was  much  greater  than  concentrations  reported  in  the  off¬ 
site  analysis.  Example  of  these  results  can  be  seen  in  samples  EX570704, 
EX570502,  and  RXZW3006.  Affected  compounds  include  BTEX  and 
chlorobenzene.  These  results  indicate  high  bias  of  on-site  results  by  as  much  as 
two  of  three  orders  of  magnitude,  and  the  possibility  of  false  positive  reporting  of 
additional  target  analytes.  In  all  the  above  samples  high  concentrations  of  TPH 
was  detected  indicating  the  presence  of  fuel  contamination  at  the  sample  location. 
The  on-site  method  for  BTEX  and  chlorobenzene  utilized  a  single  column 
GC/PID  analysis  for  BTEX  and  chlorobenzene  with  no  second  column 
confirmation.  It  is  highly  likely  that  BTEX  concentrations  were  over  estimated 
due  to  interference  from  non-target  fuel  hydrocarbons.  False  positive 
identification  of  chlorobenzene  may  also  have  occurred  due  to  interference  with 
non-target  fuel  hydrocarbons.  The  off-site  analysis  was  conducted  using  GC/MS 
confirmation  of  target  analytes  so  interference  from  non-target  hydrocarbon  would 
not  results  in  quantitative  interferences  or  false  positive  identification  of 
compounds. 

It  is  important  to  note  that  evidence  had  also  been  published  indicating  the 
possibility  of  low  bias  off-site  results  due  to  loss  of  VOCs  during  sample  collection 
and  handling  using  bulk  sampling  procedures  (Liikala,  1995).  It  is  possible  that 
concentrations  reported  at  the  on-site  laboratory  may  be  more  representative  of 
actual  site  conditions.  However,  for  the  purpose  of  this  comparison,  on-site 
results  are  considered  potentially  biased  high. 
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TPH 


In  the  majority  of  samples  TPH  was  reported  as  a  non-detect  in  both  samples. 
RPDs  of  samples  with  detected  TPH  ranged  from  7%  to  200%  with  the  majority 
of  RPDs  outside  the  50%  project  goal.  There  was  good  correlation  of  split 
sample  results  relative  to  general  concentrations  reported.  In  all  samples  with 
detects  reported,  concentrations  trends  between  high  and  low  values  agreed  well. 
These  results  indicate  that  TPH  data  are  adequate  for  determination  of  presence 
and  absence  of  fuel  contamination  and  the  determination  of  the  relative 
concentrations  of  contamination  at  the  sites,  however,  reported  concentrations 
should  be  considered  estimated  values. 


D.5.5  Conclusions 

There  was  a  strong  qualitative  and  quantitative  correlation  between  the  on-site 
and  off-site  laboratories.  The  goal  of  95  percent  of  on-site/off-site  data 
characterized  by  conditions  specified  in  categories  1,  2  or  3  was  achieved 
(ABB-ES,  1995),  based  on  results  presented  in  Comparison  1.  The  comparison 
results  indicate  that  screening  results  provided  adequate  data  to  identify  the 
presence  or  absence  of  contamination  at  action  levels  based  on  MCP  Category  S-l 
soil  cleanup  criteria  (MADEP,  1995). 

Comparison  2  reviewed  RPD  results.  An  evaluation  of  RPDs  indicates  low 
concentrations  of  VOCs  at,  or  near,  the  on-site  laboratory  reporting  limits  should 
be  considered  estimated  values.  Results  for  on-site  analyses  for  the  VOC  target 
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compounds  BTEX  and  chlorobenzene  at  sample  locations  containing  fuel 
contamination  may  be  biased  high  and  contain  possible  false  positive 
identifications  for  these  compounds.  Bias  is  possibly  a  result  of  interferences  with 
fuel-related  compounds  and  limitations  of  the  GC/PID  used  at  the  on-site 
laboratory.  Off-site  data  generated  using  GC/MS  analyses  should  be  used  to 
confirm  the  detections  and  concentration  ranges  of  these  compounds.  The  TPH 
results  are  adequate  for  qualitative  and  semi-quantitative  uses,  but  reported 
concentrations  should  be  considered  estimated. 
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Table  D-1 

Summary  of  Analytical  Parameters 

AOC  57,  63AX,  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 
Army-Certified 
Reporting  Limit 

pH 

Water 

No  Certified  Method 

150.1 

Measured  in  Reid 

N/A 

Temperature 

Water 

No  Certified  Method 

170.1 

Measured  in  Reid 

N/A 

Turbidity 

Water 

No  Certified  Method 

180.1 

Measured  in  Reid 

N/A 

Conductivity 

Water 

No  Certified  Method 

120.1 

Measured  in  Reid 
Electrode 

N/A 

RedOX 

Water 

No  Certified  Method 

SM  2580b 

Measured  in  Reid 

N/A 

Total  Suspended 

Water 

No  Certified  Method 

160.2 

Gravimetric 

4000  /yg/L 

Solids 

Total  Dissolved  Solids 

Water 

No  Certified  Method 

160.1 

Gravimetric 

10,000 /yg/L 

Alkalinity 

Water 

No  Certified  Method 

301.0 

Titrimetric 

5000  /yg/L 

Total  Organic  Carbon 

Soil 

No  Certified  Method 

SW  9060 

Infrared 

360  /yg/g 

Water 

No  Certified  Method 

SW  9060 

Infrared 

1000  /yg/L 

Nitrate/Nitrite 

Water 

TF22 

351.2 

Colorimetric 

lOpg/L 

Hardness 

Water 

N/A 

130.2  or 
SM2340B 

Titration  or  Calculation 

1000 /yg/L 

Anions 

Water 

TTIO 

300.0 

Ion  Chromatography 
(Chloride,  sulfate) 

Chloride  - 
2,120  /yg/L 
Sulfate  - 10,000  /yg/L 

Water 

TF27 

365.2 

Colorimetric 

Total  Phosphorous 

Phosphate  - 
13.3  /yg/L 

TKN  (Kjeldahl) 

Water 

No  Certified  Method 

351.2 

Calorimetric 

183 /yg/L 

Carbonate/ 

Water 

No  Certified  Method 

310.1 

Titrimetric 

N/A 

Bicarbonate 

Total  Petroleum 

Water 

No  Certified  Method 

418.1 

Infrared 

100 /yg/L 

Hydrocarbons 

Soil 

No  Certified  Method 

SW  9071/ 418.1 

Infrared 

21  A9/g 

Aluminum 

Water 

SS10 

200.7 

ICP 

141  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

14.1  /yg/g 
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Table  D-1 

Summary  of  Analytical  Parameters 

AOC  57,  63AX,  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 
Army-Certified 
Reporting  Limit 

Antimony 

Soil 

JS16 

SW  6010 

ICP 

3.8  /yg/g 

Water 

SD28 

- 

GFAA 

3.03  pg/L 

Soil 

JD25 

- 

GFAA 

1 .09  Arg/g 

Arsenic 

Water 

SD22 

206.2 

GFAA 

2.54  /yg/L 

Soil 

JD19 

SW  7060 

GFAA 

0.25  /yg/g 

Barium 

Water 

SS10 

200.7 

ICP 

5.0  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

29.6  pg/g 

Beryllium 

Water 

SS10 

200.7 

ICP 

5.0  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

1.86  pg/g 

Cadmium 

Water 

SS10 

200.7 

ICP 

4.01  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

3.05  /yg/g 

Calcium 

Water 

SS10 

200.7 

ICP 

500  /yg/L  ^ 

Soil 

JS16 

SW  6010 

ICP 

59.0 /yg/g 

Chromium 

Water 

SS10 

200.7 

ICP 

6.02 /yg/L 

Soil 

JS16 

SW  6010 

ICP 

12.7 /yg/g 

Cobalt 

Water 

SS10 

200.7 

ICP 

25 /yg/L 

Soil 

JS16 

SW  6010 

ICP 

15.0 /yg/g 

Copper 

Water 

SS10 

200.7 

ICP 

8.09  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

58.6  /yg/g 

Iron 

Water 

SS10 

200.7 

ICP 

42.7  /yg/L 

Soil 

JS16 

SW  6010 

ICP 

50.0  /yg/g 

Lead 

Soil 

JS16 

SW  6010 

ICP 

6.62  /yg/g 

Soil 

JD17 

SW  7421 

GFAA 

0.177 /yg/g 

Water 

SD20 

239.2 

GFAA 

1.26 /yg/L 
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Table  D-1 

Summary  of  Analytical  Parameters 


AOC  57,  63AX,  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 
Army-Certified 
Reporting  Limit 

Magnesium 

Water 

SS10 

200.7 

icp 

500  //g/L 

Soil 

JS16 

SW  6010 

ICP 

50.0  /vg/g 

Manganese 

Water 

SS10 

200.7 

ICP 

2.75  //g/L 

Soil 

JS16 

SW  6010 

ICP 

0.275  //g/ g 

Mercury 

Water 

SB01 

245.1 

CVAA 

0.243  //g/L 

Soil 

JB01 

SW  7471 

CVAA 

0.05  //g/g 

Nickel 

Water 

SS10 

200.7 

ICP 

34.3  //g/L 

Soil 

JS16 

SW  6010 

ICP 

12.6  //g/g 

Potassium 

Water 

SS10 

200.7 

ICP 

375  //g/L 

Soil 

JS16 

SW  6010 

ICP 

37.5  //g/g 

Selenium 

Water 

SD21 

270.2 

GFAA 

3.02 //g/L 

• 

Soil 

JD15 

SW7740 

GFAA 

0.25  /yg/g 

Silver 

Water 

SD23 

272.2 

GFAA 

0.25 //g/L 

Soil 

JD18 

SW  7761 

GFAA 

.025  //g/g 

Water 

SS10 

200.7 

ICP 

4.6  //g/L 

Soil 

JS16 

SW  6010 

ICP 

2.5  fjg/g 

Sodium 

Water 

SS10 

200.7 

ICP 

500  //g/L 

Soil 

JS16 

SW  6010 

ICP 

150 //g/g 

Thallium 

Water 

SD09 

279.2 

GFAA 

6.99  //g/L 

Soil 

JD24 

SW846 

GFAA 

0.5  yg/g 

7841 

Vanadium 

Water 

SS10 

200.7 

ICP 

1 1 .0  //g/L 

Soil 

JS16 

SW  6010 

ICP 

13 /yg/g 

Zinc 

Water 

SS10 

200.7 

ICP 

21.1  //g/L 

Soil 

JS16 

SW  6010 

ICP 

30.2 //g/g 

Semivolatile  Organic 

Water 

UM18 

625 

Extraction, GC/MS 

See  POP 

Compounds 

Soil 

LM18 

SW  8270 

Extraction, GC/MS 

See  POP 
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Table  D-1 

Summary  of  Analytical  Parameters 


AOC  57,  63AX,  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 
Army-Certified 
Reporting  Limit 

Volatile  Organic 

Water 

UM20 

624 

Purge  and  Trap,  GC/MS 

See  POP 

Compound 

Soil 

LM19 

SW  8240 

Purge  and  Trap,  GC/MS 

See  POP 

Pesticldes/PCBs 

Water 

UH13 

608 

Extraction,  GC 

See  POP 

Soil 

LH10 

SW  8080 

Extraction,  GC-EC 

See  POP 

GRO 

Water 

No  Certified  Method 

Modified  8015 

GC/FID 

400pg/L 

Soil 

No  Certified  Method 

Modified  8015 

GC/FID 

8/rg/g 

DRO 

Soil 

No  Certified  Method 

Modified  8015 

GC/FID 

8pg/g 

Notes: 


POP 

sw 

GRO 

DRO 


Project  Operations  Plan;  Fort  Devens,  Massachusetts,  Data  Item  A004/A006;  U.S.  Army  Environmental  Center;  Aberdeen  Proving 
Ground,  Maryland;  May  1995. 

EPA  "Test  Methods  for  Evaluating  Solid  Wastes”,  SW-846,  September  1986 
Gasoline  Range  Organics 
Diesel  Range  Organics 


Source:  ESE,  1991. 
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Table  D-2 

Elements  Detected  in  Soil  Method  Blanks 


1995  AOC  57,  63AX,  AND  69W  Remedial  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of 
Detection 

Concentration 

Range 

fog/g) 

CRL 

(pg/g) 

Aluminum 

3/3 

482  -  520 

14.1 

Barium 

3/3 

8.73  -  9.51 

29.6 

Calcium 

3/3 

235  -  269 

59.0 

Copper 

1/3 

1.01 

58.6 

Iron 

3/3 

955  -  1030 

50.0 

Lead1 

3/3 

0.756-0.816 

Potassium 

3/3 

179  -  198 

37.5 

Magnesium 

3/3 

130  -  150 

50.0 

Manganese 

3/3 

21  -  28.9 

0.275 

Results  from  GFAA.  Lead  was  also  analyzed  by  ICP  but  all  results  were  below  the 
CRLs. 
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Table  D-3 

VOCs  Detected  in  Method  Blanks  for  Water 


1995  AOC  57,  63AX,  and  69  W  Remedial  Investigation 
Fort  Devens,  Massachusetts 


Compound 

/  Frequency  of 
Detection 

Concentration 

Range 

OiflA) 

CRL 

«-) 

Acetone  1 

1/7 

17 

13 

Methylene  Chloride  1 

1/7 

5.7 

2.3 

Chloroform  1 

1/7 

2.1 

0.5 

1  =  Data  from  method  blanks  analyzed  during  the  1995  Field  Investigation. 
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Table  D-4 

SVOCs  Detected  in  Water  Method  Blanks 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 

Range 

0/g/M 

CRL 

fag/L) 

Target  SVOCs 

Diethyl  phthalate  1 

1/5 

2.2 

2 

bis(2-ethylhexyl)phthalate 2 

1/3 

400 

4.8 

SVOC  TICs 

Dioctyl  adipate  1 

1/5 

20 

Not  determined 

Toluene  1 

1/5 

3 

Not  determined 

1  =  Detected  in  method  blanks  analyzed  during  the  1995  Field  Investigation. 

2  =  Detected  in  method  blanks  analyzed  during  the  1996  Round  2  Groundwater  sampling 
event. 
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Table  D-5 

SVOCs  Detected  in  Method  Bunks  for  Soil 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 
Range 
ip g/g) 

CRL 

fog/g) 

Target  SVOCs 

di-n-butyl  phthalate  1 

1/12 

0.08 

0.061 

SVOC  TICs 

nonacosane  1 

1/12 

0.3 

Not  determined 

1  =  Detected  in  method  blanks  analyzed  during  the  1995  field  investigation. 
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Table  D-6 

-  Elements  Detected  in  Rinse  Blanks 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of 
Detection 

Concentration 

Range 

..fog/ M 

CRL 

fog/L) 

Mercury 

2/6 

0.242  -  0.463 

0.243 

Lead1 

1/6 

1.63 

1.37 

Iron 

4/6 

70.5  -  543 

38.8 

Potassium 

1/6 

755 

375 

Manganese 

1/6 

3.6 

2.75 

1  =  Lead  analyzed  by  graphite  furnace  atomic  adsorption 
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Table  D-7 

VOCs  Detected  in  Rinse  Blanks 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 

Range 

fo m 

CRL 

WL) 

1,1,1-Trichloroethane 

5/6 

1.2  -2.4 

0.5 

Acetone 

2/6 

18 

13 

Carbon  Tetrachloride 

1/6 

1.2 

0.58 

Chloroform 

3/6 

0.59  -  1.7 

0.5 

Methylene  Chloride 

5/6 

4-9.3 

2.3 
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Table  D-8 

SVOCs  Detected  in  Rinse  Blanks 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 
Range 
in g/M 

CRL 

O/g/L) 

Target  SVOCs 

Bis  (2-ethy!hexyl)  phthalate 

4/6 

6.1  to  14 

4.8 

Benzyl  alcohol 

1/6 

7.4 

0.72 

SVOC  TICs 

N,N-diethyl-3-methylbenzamide 

1/6 

9 

Not 

Determined 

benzyl  adipate 

1/6 

40 

Not 

Determined 

unknown  non-target  SVOCs 

1/6  to  3/6 

4  -  10 

Not 

Determined 
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Table  D-9 

VOCs  Detected  in  Trip  Blanks 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 

Range 

0/9/L) 

CRL 

0/g/L) 

Target  VOCs 

Carbon  Tetrachloride  1 

1/16 

2.3 

0.58 

Tetrachloroethene  1 

1/16 

3.4 

1.6 

Chloroform  1 

1/6 

3.5 

0.5 

Methylene  Chloride  1 

9/16 

2.5  -  5.6 

2.3 

Methylene  Chloride  2 

1/2 

2.7 

2.3 

Acetone  2 

1/2 

14 

13 

VOC  TICs 

Hexane  1 

1/16 

6 

Not  Determined 

1  =  Detected  in  trip  blanks  analyzed  during  the  1995  Field  Investigation. 

2  =  Detected  in  trip  blanks  analyzed  during  the  1996  Round  2  Groundwater  sampling  event. 
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TABLE  D-10 


Chemical  Quality  Control  Report 
Installation:  Port  Deveno,  MA  (DV) 
Group  4  Sites 
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Chemical  fiuality  Control  Report 
Installation:  Port  Devena,  HA  (DV) 
Group  4  Sites 


8015  DIBSBL  BX570S06  DV4S*10S  QBAK  19-SBP-95  16-OCT-95  410  400  <  8  UGG  97.6 
8015  DIESBIj  BX570506  DV4S*105  QBAK  19-SBP-9S  16-OCT-9S  410  399  <  .  8  003  97.3 
8015  DIBSBL  BX571S02  DV43*115  QKBK  21-SBP-95  27-OCT-95  531  582  <  8  UC53  '  109.6 
8015  DIBSBL  BX571502  DV4S*115  QBBK  21-SBP-9S  27-OCT-95  531  537  <  8  UQG  101.1 
8015  DIBSBL  DX570500  DV4S*191  QBTJ  13-SBP-95  20-SBP-95  919  1580  52.5  UGG  171.9 


Chemical  Quality  Control  Report 
Installation:  Port  Devens,  MA  (DV) 
Group  4  Sites 
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PB  IN  SOIL  BY  GFAA  JD17  PB  BXS70506  DV4S*105  0BQB  19-SBP-95  16-OCT-95  4. OB  2.72  4.62  U3G  66.7  25.5 
PB  IN  SOIL  BY  GFAA  JD17  PB  BX570506  DV4S*105  OBQB  19-SBP-95  16-OCT-95  4.03  2. OB  4.62  U3G  51.6  25.5 
PB  IN  SOIL  BY  GFAA  JD17  PB  BX570319  DV4S*147  OBSB  27-SBP-95  22-0CT-9S  4.8  2.43  3.93  IX3G  50.6  1.1 
PB  IN  SOIL  BY  GFAA  JD17  PB  BX570319  DV4S*147  0BSB  27-SBP-95  22-OCT-95  4,71  2-41  3,93  00(3  S1-2  1  • 1 
PB  IN  SOIL  BY  GFAA  JD17  PB  BXAX0206  DV4S*216  OBSB  27-SBP-95  22-OCT-9S  4.2  5.9  9.9  U3G  140.5  142.3 
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IN  SOIL  BY  GFAA  JD24  TL  HX570S06  DV4S*10S  RBFB  19-SBP-95  15 -OCT-95  4.08  4.42  <  .5  UGG  108. 
IN  SOIL  BY  GFAA  JD24  TL  KXS70506  DV4S*10S  RBFB  19-SBP-95  15 -OCT- 95  4.03  4.26  <  .5  UGG  105. 
IN  SOIL  BY  GFAA  JD24  TL  BX571502  DV4S*115  RBFB  21-SBP-95  15-OCT-95  5.24  5.53  <  .5  UGG  105. 
IN  SOIL  BY  GFAA  JD24  TL  BX571502  DV4S*115  RBFB  21-SBP-95  15 -OCT- 95  5.21  5.43  <  .5  UGG  104. 
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Table  D-12 

Elements  with  Matrix  Spike  Recoveries  in  Water 
-  Outside  USEPA  Criteria 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of  Recovery  Outside 
USEPA  CLP  Limits  1 

Recovery  Range 

Groundwater 

Mercury 1 

2/12 

70.8  -  72.8 

Arsenic  1 

1/16 

128 

Antimony  1 

1/16 

74.5 

Calcium  1 

1/16 

134 

Iron  1 

5/16 

49  -  145 

Manganese  1 

2/16 

58.8-71.6 

Lead  2 

4/16 

52.8  -  55.3 

Selenium  2 

4/16 

35.2  -  53.6 

Arsenic  2 

1/16 

135.7 

Antimony 2 

6/16 

39.5  -  74.9 

Manganese  2 

1/16 

133.4 

Surface  Water 

Iron  1 

1/4 

129 

1  =  Spike  results  from  the  1995  Fort  Devens  Site  Investigation. 

2  =  Spike  results  from  the  Round  2  Groundwater  sampling  event. 


W0059621.T80/13 


9144-03 


Table  D-13 


Elements  with  Matrix  Spike  Recoveries  in  Soil 
Outside  USEPA  CLP  Limits 

1995  AOC  57,  63AX,  69 W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of  Recovery  Outside 
USEPA  CLP  Limits 

Recovery  Range 

Mercury 

2/10 

39.2-41.7 

Aluminum 

10/10 

0.9  -  504.7 

Iron 

10/10 

0.4  -  462.3 

Selenium 

6/10 

60.0  -  134.5 

Lead  by  GFAA 

6/6 

23.7-  140.5 

Arsenic 

6/10 

28.4  -  186.3 

Manganese 

7/10 

4.0  -  477.4 

Nickel 

1/10 

128.3 
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Table  d-14 


Elements  with  Matrix  Spike  Recoveries  in  Sediment 
Outside  USEPA  Criteria 

1995  AOC  57,  63AX,  69W  Remedial  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of  Recovery 
Outside  USEPA  CLP  Limits 

Recovery  Range 

Arsenic 

2/4 

12.4  -  12.6 

Antimony 

2/4 

126.0  -  126.7 

Manganese 

1/4 

4.1 

Aluminum 

4/4 

0.5  -  1.2 

iron 

4/4 

0.2  -  48.7 
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Table  D-15 


Pesticide  and  PCBs  with  Soil  Matrix  Spike  Recoveries 
Outside  USEPA  CLP  Limits 

1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 


Fort  Devens,  Massachusetts 

Element 

Frequency  of  Recovery 

Outside  USEPA  CLP  Limits 

Recovery  Range 

Endosulfan  II 

2/8 

169.8  -181.1 

Aroclor  1260 

2/8 

226  -  226.0 

4,4-DDT 

2/8 

143.8-  153.4 
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Table  D-16 


Hardness  Data  wm  Matrix  Spike  Recoveries  in  Water  Samples 
Outside  Control  Limits 


1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of  Recovery 
Outside  USEPA  CLP  Limits 

Recovery  Range 

Groundwater 

Hardness  1 

6/10 

1.3-35.0 

Hardness  2 

2/10 

17.1  -23.1 

1  =  Data  collected  during  the  1995  Fort  Devens  Field  Investigation. 

2  =  Data  collected  during  the  1996  Round  2  Groundwater  sampling  event. 
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Table  D-17 

USEPA  CLP  Surrogate  Recovery  Criteria  for  SVOCS 

1995  AOC  57,  63AX,  69 W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Surrogate 

Percent  Recovery  Limits  for 
Water 

Percent  Recovery  Limits 
for  Soil 

2-Fluorophenol 

21%  to  100% 

25%  to  121% 

Phenol-D6 

10%  to  94% 

24%  to  113% 

2,4,6-T  ribromophenol 

10%  to  123% 

19%  to  122% 

Nitrobenzene-D5 

35%  to  114% 

23%  to  120% 

2-Fluorobiphenyl 

43%  to  116% 

30%  to  1 15% 

Terphenyl-D14 

33%  to  141% 

18%  to  137% 
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Table  D-18 

USEPA  CLP  Surrogate  Recovery  Criteria  for  VOCS 

1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Surrogate 

Percent  Recovery  Limits  for 
Water 

Percent  Recovery  limits 
for  Soil 

1 ,2-Dichloroethane-D4 

76%  to  114% 

70%  to  121% 

4-Bromofluorobenzene 

86%  to  115% 

74%  to  121% 

Toluene-D8 

88%  to  110% 

81%  to  117% 
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BDAX0215  DV4S*442  ZBPJ  27-SBP-95  IB -OCT-95  69 
BXAX0215  DV4S*217  ZBPJ  27-SBP-95  18 -OCT- 95  67 
BXZW0100  DV4S*246  ZBMJ  19-SBP-95  10-OCT-95  661 
BXZW0100  DV4S*435  ZBMJ  19-SBP-95  10 -OCT- 9 5  598 
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Table  D-21 

Field  Duplicates  for  Groundwater  Samples 
with  Elements  Exceeding  Precision  Criteria 

1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency RPD  Exceeded 

RPD  Range 

Total  Metals 

Arsenic  2 

1/4 

42.4 

Iron  2 

1/4 

45 

Dissolved  Metals 

Barium  2 

1/4 

123.9 

2  =  Data  collected  during  the  Round  2  Groundwater  sampling  event. 
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Table  D-22 

Field  Duplicates  for  Soil  and  Sediment  Samples 
with  Elements  Exceeding  Precision  Criteria 

1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  RPD  Exceeded 

RPD  Range 

Soil 

Arsenic 

1/3 

52.4 

Potassium 

1/3 

77.6 

Sediment 

Mercury 

1/2 

138.1 

Manganese 

1/2 

99.5 

Sodium 

1/2 

178.7 

Zinc 

1/2 

114.1 

W0059621.T80/21 
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Table  D-23 

USEPA  CLP  Spike  Precision  Criteria  for  Pesticides 

1995  AOC  57,  63AX,  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Spike  Compound 

RPD  Limits  for  Water 

RPD  Limits  for  Soil 

Lindane  (gamma-BHC) 

15 

50 

Heptachlor 

20 

31 

Aldrin 

22 

43 

Dieldrin 

18 

38 

Endrin 

21 

45 

4,4-DDT 

27 

50 

W0059621.T80/22 
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TABLED- 14 

COMPARISON  OF  CONCENTRATIONS 
FIELD  ANALYSES  VS.  OFFSITE  LABORATORY  ANALYSES 

1 995  AOC  57.  63AX.  69W  REMEDIAL  INVESTIGATION 
FORTDEVENS.MA 


ONSITE 

SAMPLE 

n> 

SAMPLE 

COLLECTION 

DATE 

COMPOUND 

OFFSITE  LAB 

CONCENTRATION 

bnafea) 

FIELD  LAB 
CONCENTRATION 

RPDIHI 

CATEGORY 

BF37W13 

9/21/95 

TPH 

ND 

ND 

0 

1 

VOC 

ND 

ND 

0 

1 

BF370515 

9/24/95 

toluene 

0.0037 

0.0024 

200 

1 

TPH 

ND 

ND 

0 

1 

BFJ70612 

9/21/93 

TPH 

ND 

ND 

0 

1 

VOC 

ND 

ND 

0 

1 

BFAX0506 

1 0/2/93 

TPH 

ND 

ND 

0 

1 

VOC 

ND 

ND 

0 

! 

BFAX0504 

1 0/2/93 

TPH 

ND 

ND 

0 

1  ! 

VOC 

ND 

ND 

0 

1 

BFAX0510 

10/2/93 

TPH 

ND 

ND 

0 

1 

VOC 

ND 

ND 

0 

1 

EF570106 

9/11/93 

TPH 

141 

<33 

200 

1 

VOC 

ND 

ND 

0 

1 

EF570200 

9/1  M3 

TPH 

434 

69 

147 

t 

atfayl  benzene 

0.0024 

0.0023 

200 

i 

toluene 

0.0023 

0.0023 

200 

i 

total  xyicncx 

0.0029 

0.0069 

0* 

i 

EF37M03 

9/19/95 

TPH 

ND 

ND 

0 

l 

VOC 

ND 

ND 

0 

EDF570405 

9/19/93 

TPH 

23.6D 

<32 

0* 

i 

VOC 

ND 

ND 

0 

l 

EF370506 

9/19/95 

TPH 

ND 

ND 

0 

l 

VOC 

ND 

ND 

0 

l 

EF570704 

9/19/95 

TPH 

31400 

65000 

69 

2 

etbylbe&zcac 

0.051 

14 

194 

1 

toluene 

0.023 

3.4 

197 

1 

total  xytanrr 

0.27 

92 

191 

1 

1,1-dick!  oroethene 

0.0039 

6.1E/X 

200 

3 

Utrackloreeteenc 

0.0039 

0.7* 

0* 

1 

trickloroeteene 

o.o  n 

0.74 

0- 

1 

EF3  70*54 

9/20/95 

TPH 

37.6 

<73 

0* 

VOC 

ND 

ND 

0 

1 

EF370903 

9/20/95 

TPH 

79.2 

<69 

200 

1 

VOC 

ND 

ND 

0 

1 

EF371000 

9/19/93 

TPH 

23 

40 

105 

1 

toluene 

0.0037 

0.00243 

43 

1 

tearackloroeteenr 

0.003 

0.0022 

200 

1 

EF571200 

9/20/93 

TPH 

3110 

9700 

62 

2 

...  . 

toluene 

0.0043 

0.0022 

200 

1 

teUackloroeteene 

0.0011 

0.0022 

0» 

1 

EF371303 

9/21/95 

TPH 

ND 

ND 

0 

1 

VOC 

ND 

ND 

0 

1 

EF571456 

9/21/93 

TPH 

49.3 

<60 

0* 

1 

VOC 

ND 

ND 

0 

1 

EF571502 

9/21/93 

TPH 

26100 

24000 

7 

2 

toluene 

0.0017 

0.0056 

107 

1 

rklirnliiTeni 

0.00046 

0.016 

200 

1 

eteyi  benzene 

0.0017 

0.034 

200 

1 

total  xylene* 

0.0015 

0.243 

200 

1 

0.0023 

0.0044 

70 

» 

EF371600 

9/21/93 

TPH 

169 

120 

34 

1 

VOC 

ND 

ND 

0 

1 

EF5717M 

9/21/95 

TPH 

2390 

3400 

35 

2 

toluene 

0.0072 

0.0023 

200 

1 

0.0047 

0.0023 

200 

1 

EFS71I02 

9/21/93 

TPH 

49.3 

<64 

0* 

1 

VOC 

ND 

ND 

0 

1 

EF571902 

9/21/95 

TPH 

130 

<70 

200 

1 

VOC 

ND 

ND 

0 

1 

EF572500 

9/22/93 

TPH 

41.1 

<32 

200 

1 

VOC 

ND 

ND 

0 

1 

RFZW2607 

9/11/95 

TPH 

902 

2100 

40 

2 

total  xylene* 

0.0013 

0.0023 

200 

1 

RFZW3006 

9/11/93 

TPH 

3240 

7700 

42 

2 

toluene 

0.0044 

0.026 

142 

1 

cklorobenxane 

0.00046 

0.031 

200 

1 

ethylbenzene 

0.0017 

0.26E 

200 

1 

total  sylenet 

0.0023 

6.5  E/J 

200 

1 

RFZW3504 

9/12/95 

TPH 

<27.4 

35 

200 

1 

VOC 

ND 

ND 

0 

1 

RFZW3607 

9/24/93 

VOC 

ND 

ND 

0* 

1 

TPH 

366 

1100 

64 

2 

RF2W3704 

9/23/9 J 

toluene 

0.0024 

0.0046 

0* 

1 

TPH 

1400 

1400 

23 

2 

RFZW3S03 

9/14/93 

TPH 

34.4 

<120 

0* 

1 

VOC 

ND 

ND 

0 

1 

RWEZW4304 

9/13/93 

TPH 

ND 

ND 

0 

1 

tolucoe 

0.0013 

0.0024 

0* 

1 

NOTES: 

ND 

NA 

E 

D 

J 

TPH 

X 


Reported  RPD  -  0  hirtint  tee  reported  detection  wee  below  the  repcetiag  I  tout  of  ccaparieon  meptt. 

Not  detected  above  analytea  detection  linuL 
Not  applicable 

Reported  concentration  greater  then  inenwrf  calibration  range 
Remit  obtained  from  a  dilution  of  tbe  original  aeaple 
Reported  concanfeation  ia  an  aahaatid  vita* 

Total  Petroleun  Hydrocarbona 

Detection  of  1,1-DCE  ideodfird  an  poeaible  laboratory  enf  inUion  by  field  cheteiat  at  tee  date  of  analytia. 


C:\FDRITABL\63AX\COMPCONC.WK1 


1 


06/28/96 


APPENDIX  D-2 


1996  ON-SITE  LABORATORY  DATA 


Harding  Lawson  Associates 


C:\FDRITABL\57\APPCOVER 


9144-03 


APPENDIX  D-2 

QUALITY  CONTROL  SUMMARY  REPORT 
1996  ON-SITE  ANALYTICAL  PROGRAM 

AOCs  69W  61Z.  50  and  57 


DtO  INTRODUCTION 

The  purpose  of  this  Quality  Control  Summary  Report  (CQSR)  is  to  present  evaluations  of 
quality  control  (QC)  measurements  made  during  the  1996  on-site  laboratory  analyses  and  to 
evaluate  data  precision  and  accuracy.  Dates  of  on-site  analysis  are  from  June  17  through 
November  6, 1996.  The  on-site  laboratory  provided  field  screening  for  AOCs  69W,  61Z,  50 
and  57.  Soil  and  water  samples  were  analyzed  for  target  volatile  organic  compounds  and 
petroleum  hydrocarbons  at  Ft  Devens,  Ayer,  Massachusetts. 


D2.0  ANALYTICAL  METHODS 

The  data  quality  objectives  and  general  descriptions  of  on-site  methodologies  for  the 
investigations  are  presented  in  the  Fort  Devens  Project  Operation  Plan  (ABB-ES,  1995).  On¬ 
site  analytical  procedures  used  during  the  investigations  included  purge  and  trap  USEPA 
Method  503 0A  and  modified  USEPA  Method  8021 A  for  volatile  organic  compounds  (VOCs) 
(USEPA,  1995)  and  the  modified  Massachusetts  hydrocarbon  methods  for  extractable 
petroleum  hydrocarbons  (EPH)  and  volatile  petroleum  hydrocarbons  (VPH)  (MADEP,  1995a; 
MADEP,  1995b).  Total  Recoverable  Petroleum  Hydrocarbons  (TPHC)  in  soils  will  be 
quantified  with  an  infrared  spectrophotometer  using  modified  USEPAMethod  418.1(USEPA, 
1983).  Descriptions  of  the  1996  analytical  methods,  and  any  modifications  to  procedures  in  the 
QAPjP  incorporated  into  the  1996  field  investigations  are  presented  in  Attachment  1. 

D2.1  MDL  Study  for  EPH/VPH/VOCs  Analysis: 

Prior  to  sample  analysis  a  Method  Detection  Limit  (MDL)  study  was  performed  for  EPH, 

VPH,  and  VOCs  target  compounds. 

Based  on  the  extraction  and  analysis  of  seven  spiked  samples,  the  EPH  MDL  for  soil  analysis 
was  determined  to  be  18  mg/Kg.  For  purposes  of  this  project  the  reporting  limit  (RL)  has  been 
determined  to  be  100  mg/Kg.  Only  concentrations  greater  than  100  mg/kg  are  reported. 
Sample  quantitation  limits  (SQLs)  consisting  of  the  reporting  limits  adjusted  for  sample 
volume,  percent  moisture,  and  dilution  factor  are  reported  for  non  detects.  The  results  of  the 
EPH  MDL  study  are  listed  in  Table  D2-J. 
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Based  on  a  methanol  extraction  and  analysis  of  seven  spiked  samples,  the  VPH  MDL  for  soil 
analysis  was  determined  to  be  0.57  mg/Kg.  The  reporting  limit  was  established  to  be  6.3 
mg/Kg.  Only  concentrations  greater  than  6.3  mg/kg  are  reported.  Sample  quantitation  limits 
(SQLs)  consisting  of  the  reporting  limits  adjusted  for  sample  volume,  percent  moisture,  and 
dilution  factor  are  reported  for  non  detects.  The  results  of  the  VPH  MDL  study  are  listed  in 
Table  D2-1. 

Based  on  the  analysis  of  seven  spiked  samples,  an  initial  VOC  MDL  for  soil  and  aqueous 
analysis  was  determined  and  reported  in  Table  D2-1.  The  reporting  limits  were  established  to 
be  2.0  pg/L  for  all  target  analytes  (m/p-Xylene  is  4.0  pg/L).  Only  concentrations  greater  than 
2.0  pg/L  (m/p-Xylene  is  4.0  pg/L)  are  reported.  Sample  quantitation  limits  (SQLs)  consisting 
of  the  reporting  limits  adjusted  for  sample  volume,  percent  moisture,  and  dilution  factor  are 
reported  for  non  detects. 

A  second  VOC  MDL  was  made  when  a  second  field  effort  phase  commenced  in  mid-summer. 
Based  on  the  analysis  of  seven  spiked  samples,  the  second  VOC  MDL  for  soil  and  aqueous 
analysis  was  determined  and  reported  in  Table  D2-1.  The  reporting  limit  was  established  to  be 
1.0  pg/L  for  all  target  analytes  (m/p-Xylene  is  2.0  pg/L).  Only  concentrations  greater  than 
1.0  pg/L  (m/p-Xylene  is  2.0  pg/L)  are  reported.  Sample  quantitation  limits  (SQLs)  consisting 
of  the  reporting  limits  adjusted  for  sample  volume,  percent  moisture,  and  dilution  factor  are 
reported  for  non  detects. 

D2.2  REPORTING  LIMITS  AND  INSTRUMENT  CALIBRATION 

The  calibration  range  for  each  instrument  includes  an  initial  calibration  standard  at  the  reporting 
limit.  EPH  instrument  calibration  ranged  from  50  mg/Kg  through  150  mg/Kg  with  a  reporting 
limit  of  50  mg/Kg.  VPH  instrument  calibration  ranged  from  6.3  mg/Kg  through  19  mg/Kg 
with  a  reporting  limit  of  6.3  mg/Kg.  Initial  VOC  instrument  calibration  ranged  from  1.0  pg/L 
through  100  pg/L.  The  second  phase  VOC  instrument  calibration  ranged  from  1.0  pg/L 
through  20  pg/L.  Each  instrument  calibration  range  is  recorded  in  the  laboratory  logbooks  and 
saved  electronically  for  future  reference. 


D3.0  QUALITY  CONTROL  BLANK  SUMMARY 

Routine  QC  blanks  analyzed  in  the  field  laboratory  include  instrument  blanks,  equipment  rinse 
blanks  (pump  blanks  and  bailer  blanks)  and  method  blanks. 

D3.1  Instrument  Blanks: 

Instrument  blanks  were  run  for  the  EPH  and  TPHC  analyses.  Instrument  blanks  consisted  of 
clean  extraction  solvent  analyzed  directly  on  the  instrument  to  determine  background  response 
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for  the  instrument.  No  instrument  contamination  was  identified  through  instrument  blank 
analysis. 

D3.2  Method  Blanks: 

Method  blanks  were  run  for  EPH/VPIWOC  and  TPHC  analyses  after  initial  and  continuing 
calibrations  with  a  minimum  of  one  blank  per  day  of  analysis  to  evaluate  the  potential  for 
sample  contamination  during  sample  preparation  and  analysis  at  the  on-site  laboratory.  EPH 
and  TPHC  soil  method  blanks  were  extracted  daily  with  each  extraction  batch  using  the  same 
procedures  as  samples.  VPH  soil  method  blanks  were  purged  and  analyzed  solutions  of 
analyte  free  water,  methanol  and  surrogate.  VOC  method  blanks  were  purged  and  analyzed 
solutions  of  analyte  free  water  and  surrogate  (methanol  was  added  for  soil  method  blanks). 

Method  blank  data  indicate  that  method  contamination  did  not  result  in  false  positive 
identification  of  EPH,  VPH,  or  TPHC  results  during  sample  analysis.  No  method  blanks  had 
EPH,  VPH  or  TPHC  detected  at  concentrations  greater  than  the  reporting  limits. 

VOC  method  blanks  were  analyzed  each  day  using  the  same  procedure  as  samples.  The  VOC 
soil  method  blank  analyzed  on  8/29/96  had  a  detection  of  chloroform  greater  than  the  reporting 
limit  at  390  mg/Kg.  Soil  samples  (RF571509  and  RF571603)  from  AOC  57  associated  with 
this  method  blank  were  qualified  (B)  indicating  the  results  may  represent  laboratory 
contamination.  The  VOC  method  blank  analyzed  on  1 1/01/96  had  a  detection  of  naphthalene 
greater  than  the  reporting  limit  at  3.2  (ig/Kg.  Naphthalene  was  not  detected  in  associated 
samples,  and  no  samples  associated  with  this  method  blank  were  qualified  (B).  With  the 
exception  of  the  VOC  samples  discussed  above,  VOC  data  indicate  that  no  other  laboratory 
contamination  introduced  during  sample  preparation  and  analysis. 

D3.3  Equipment  Rinseate  Blanks: 

Equipment  rinse  blanks  (pump  blanks  and  bailer  blanks)  were  collected  periodically  and 
analyzed  for  VOCs.  Rinse  blanks  were  collected  at  a  minimum  of  one  per  twenty  samples  as 
specified  in  the  POP.  Five  bailer  blanks  were  collected  and  analyzed  with  two  blanks  exhibiting 
low  levels  of  toluene  (2.5  pg/L  and  2. 1  |ig/L).  Samples  associated  with  these  blanks  contained 
no  toluene  detections. 


D4.0  DATA  ACCURACY  AND  PRECISION 

The  accuracy  and  precision  of  laboratory  and  field  sampling  methodologies  was  evaluated 
using  matrix  spike/  matrix  spike  duplicate  (MS/MSD),  matrix  spike  (MS),  field  duplicate 
analyses,  and  surrogate  spikes  as  outlined  below: 
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•  EPH/VPH  utilized  MS/MSD  and  surrogate  percent  recovery  (%R)  goals  of  50%  - 150% 
and  MS/MSD  relative  percent  difference  (RPD)  goals  of  less  than  30%. 

•  Duplicate  analyses  were  also  utilized  with  RPD  goals  of  less  than  50%  for  soil  samples. 

•  TPHC  analyses  utilized  a  single  MS  sample  with  a  %R  goal  of  50%  to  1 50%;  duplicate 
analyses  were  also  utilized  with  RPD  goals  of  less  than  50%  for  soil  samples. 

•  VOC  analyses  utilized  MS/MSD  and  surrogate  percent  recovery  (%R)  goals  of  50%  - 
150%  and  a  MS/MSD  RPD  goal  of  less  than  30%. 

•  Field  duplicate  analyses  were  also  utilized  with  RPD  goals  of  less  than  30%  for  aqueous 
samples  and  less  than  50%  for  soil  samples. 

Field  duplicates,  matrix  spikes  and  matrix  spike/matrix  spike  duplicate  collection  frequency 
goal  was  five  percent  for  the  program. 

D4.1  Matrix  Spikes: 

EPH.  Three  samples  were  collected  as  matrix  spike/matrix  spike  duplicates  (this  represented  a 
frequency  of  5  percent).  The  samples  were  spiked  at  a  mid-point  of  the  calibration  curve 
(100  mg/Kg).  The  data  are  tabulated  in  Table  D4-1 .  MS/MSD  recoveries  for  two  calculated 
spike  samples  ranged  from  43%  to  54%.  The  RPDs  for  the  sample  sets  were  15%  and  18%. 
One  MS/MSD  data  set  was  not  analyzed  due  to  operator  failure  to  spike  the  sample  with  the 
MS/MSD  spiking  solution.  Although  two  of  four  recoveries  were  outside  the  desired  recovery 
range  the  RPD  results  were  well  below  the  30%  goal,  indicating  good  precision.  These  results 
indicate  a  possible  low  bias  shown  by  the  MS/MSD  recoveries.  Sample  results  are  usable  as 
estimated  values  with  a  possible  low  bias  by  a  factor  of  two. 

VPH.  Two  samples  were  analyzed  as  matrix  spike/matrix  spike  duplicates.  This  represented  a 
3.3  percent  frequency.  Both  samples  were  spiked  at  a  mid-point  of  the  calibration  curve 
(12.5  mg/Kg).  The  data  is  tabulated  in  Table  D4- 1 .  MS/MSD  recoveries  for  the  two  spiked 
samples  ranged  from  57%  to  91%.  The  RPDs  for  the  samples  sets  were  3.4%  and  10%.  The 
established  goals  were  partially  met  for  this  data  set,  however,  the  RPDs  calculated  are  well 
below  the  established  goal  of  30%  indicating  excellent  accuracy  and  precision. 

TPHC.  Nine  samples  were  analyzed  as  matrix  spikes.  This  represents  an  8.1  percent 
frequency.  The  samples  were  spiked  at  a  mid-point  of  the  calibration  curve  (2500  mg/Kg). 

The  data  is  tabulated  in  Table  D4-1.  Results  for  TPHC  in  two  samples  exceeded  the 
calibration  range  of  the  instrument  and  no  MS  results  were  obtained.  MS/MSD  recoveries  for 
the  other  seven  spiked  samples  ranged  from  88%  to  162%.  Two  MS  recoveries  were  not 
calculated  due  to  original  sample  concentrations  above  the  instrument  calibration  range.  One 
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recovery  exceeded  the  recovery  goal  of  150%.  Eighty  six  percent  of  this  data  set  met  the 
established  goals  indicating  good  accuracy  and  precision. 

VOC.  Twenty  one  samples  were  analyzed  as  matrix  spike/matrix  spike  duplicates.  This 
represents  a  4.7  percent  frequency.  The  data  is  tabulated  in  Table  D4-2.  The  samples  were 
spiked  at  a  mid-point  of  the  calibration  curve  (see  Table  D4-2  to  find  specific  spike 
concentrations).  Ninety  eight  percent  of  the  spike  recoveries  met  the  goal  range  of  50%  to 
150%  recovery.  Ninety  eight  percent  oftheRPDs  met  the  goal  of  30%  or  less.  The 
established  goals  were  met  for  this  data  set  indicating  excellent  accuracy  and  precision. 

D4.2  Field  Duplicates: 

Field  duplicate  samples  were  collected  at  a  rate  of  approximately  5  percent  of  the  samples 
during  the  field  sampling  effort  and  submitted  to  the  field  laboratory  for  analysis.  Relative 
percent  difference  goals  of  less  than  30%  for  aqueous  sample  analysis  and  less  than  50%  for 
soil  analysis  were  outlined  for  the  project. 

EPH.  Four  samples  were  collected  and  analyzed  as  field  duplicates  (this  represented  a 
frequency  of  6.7  percent).  The  results  of  the  EPH  field  duplicate  samples  are  listed  in 
Table  D4-3.  The  results  of  all  sample  sets  were  non-detects.  In  general,  field  duplicate  results 
indicate  good  precision  of  measurement  was  obtained  for  the  EPH  sample  analyses.  These 
results  indicated  agreement  for  absence  of  EPH,  however,  evaluation  of  precision  for  positive 
detection  of  EPH  was  not  possible. 

VPH.  Four  samples  were  collected  and  analyzed  as  field  duplicates  (this  represented  a 
frequency  of  6.7  percent).  The  results  of  the  VPH  field  duplicate  samples  are  listed  in 
Table  D4-3.  The  results  of  all  sample  sets  were  non-detects.  These  results  indicated 
agreement  for  absence  of  VPH,  however,  evaluation  of  precision  for  positive  detection  of  VPH 
was  not  possible. 

TPHC.  Fourteen  samples  were  collected  and  analyzed  as  field  duplicates  (this  represented  a 
frequency  of  13  percent).  The  results  of  the  TPHC  field  duplicate  samples  are  listed  in 
Table  D4-3.  The  RPDs  of  three  sample  duplicate  sets  were  calculated  and  ranged  from  0.0% 
to  33%.  Seven  results  were  non-detects  for  both  samples.  Four  sample  duplicate  sets  had  a 
non-detect  for  one  of  the  samples  in  the  duplicate  pair  with  a  positive  detection  at  the  reporting 
limit  in  the  associated  duplicate.  In  general  field  duplicate  results  indicate  good  accuracy  and 
precision  of  measurement  was  obtained  for  the  TPHC  sample  analyses,  however,  variability  of 
the  TPHC  measurement  at  the  reporting  limit  are  apparent.  These  results  indicate  detection 
limits  and  low  concentration  positive  detections  are  estimated  values. 

VOC.  Thirty  nine  samples  were  collected  and  analyzed  as  field  duplicates  (this  represented  a< 
frequency  of  8.7  percent).  The  results  of  the  VOC  field  duplicates  are  listed  in  Table  D4-4. 
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The  results  of  the  duplicate  sample  sets  (seventeen  soil  samples  and  twenty  two  aqueous 
samples)  were  evaluated  and  RPDs  calculated. 

Eight  soil  RPDs  were  calculated  and  seven  exceeded  the  50%  goal.  Five  of  the  seven  were 
duplicate  sets  that  exceeded  the  goal  included  a  detection  one  sample  and  the  duplicate  did  not 
(200%  RPD).  Two  of  these  five  results  were  chloroform.  Chloroform  was  identified  as  a 
possible  laboratory  contaminant  in  Subsection  D3.2.  One  of  the  results  is  qualified  “B” 
indicating  the  sample  was  associated  with  a  contaminated  method  blank.  The  differences 
in  the  field  duplicate  results  are  interpreted  to  be  related  to  laboratory  contamination.  The 
three  other  results  included  o-xylene  and  naphthalene  with  positive  and  non-detect  results 
in  samples  RF571010,  EF573106,  and  RF571603.  In  all  cases  reported  detections  were 
only  2  to  3  times  the  reporting  limits.  These  results  demonstrate  variability  of  xylenes  and 
naphthalene  at  or  near,  the  reporting  limit.  The  remaining  field  duplicate  results  included 
detections  of  TCE,  PCE,  and  cis-l,2-dichloroethene  in  samples  BXG613B29  and 
BX502025.  Although  two  of  three  results  had  RPDs  greater  than  50,  these  results 
showed  good  agreement  with  the  presence  of  target  compounds  and  the  relative 
concentrations  reported.  The  field  duplicate  data  indicate  that  all  soil  VOC  results  should 
be  considered  estimated. 

Nineteen  aqueous  RPDs  were  calculated  and  two  exceeded  the  goal  of  30.  These  results 
indicate  good  accuracy  and  precision  of  measurement  was  obtained  for  the  aqueous  VOC 
sample  analyses. 

D4.3  Surrogate  Recoveries: 

Surrogates  were  added  to  each  EPH,  VPH  and  VOC  sample  to  monitor  the  efficiency  of  the 
measurement  and  possible  matrix  effects  on  recovery  of  target  analytes.  Surrogate  recovery 
goals  of  greater  than  or  equal  to  50%  were  established  for  the  project.  Sample  results 
associated  with  surrogate  recoveries  below  the  goal  are  reported  with  an  “S”  qualifier. 

EPH.  All  samples  submitted  for  EPH  analysis  were  spiked,  prior  to  the  extraction  step,  with 
naphthalene  or  c-terphenyl  as  a  surrogate.  The  surrogate  recoveries  were  recorded  and  used 
to  determine  accuracy  of  each  sample  analysis.  No  EPH  samples  had  surrogate  percent 
recoveries  below  the  goal  of  50%.  Surrogate  recoveries  ranged  from  75%  to  160%  with  the 
mean  equal  to  98%,  indicating  good  recoveries  were  obtained  during  the  program.  Upper  and 
lower  control  limits  (mean  +3  standard  deviations)  were  144  and  53  respectively. 

VPH.  All  samples  submitted  for  VPH  analysis  were  spiked,  prior  to  the  methanol  extraction 
step,  with  2,5-dibromotoluene  as  a  surrogate.  The  surrogate  recoveries  were  recorded  and 
used  to  determine  accuracy  of  each  sample  analysis.  Surrogate  goals  were  a  minimum  of  50% 
recovery.  Sample  results  associated  with  surrogate  recoveries  below  the  goal  are  reported  with 
an  “S”  qualifier.  Sample  BX610215XF  had  a  45%  surrogate  recovery  and  was  qualified  ‘S’. 
Sample  BXBD0227XF  had  a  174%  surrogate  recovery  and  was  qualified  ‘S’.  With  the 
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exception  of  sample  BXBD'0227XF,  surrogate  recoveries  ranged  from  59%  to  149%  with  the 
mean  equal  to  101%,  indicating  good  recoveries  were  generally  obtained  during  the  program. 
Upper  and  lower  control  limits  (mean  ±3  standard  deviations)  were  178  and  24  respectively. 

VOC.  All  samples  submitted  for  modified  USEPA  Method  8021  analysis  were  spiked  prior  to 
analysis  with  4-Bromofluorobenzene.  The  surrogate  recoveries  were  recorded  and  used  to 
determine  the  accuracy  of  each  sample  analysis.  Surrogate  goal  was  a  minimum  of  50% 
recovery.  Soil  surrogate  recoveries  ranged  from  58%  to  138%  with  the  mean  equal  to  104%. 
Upper  and  lower  soil  control  limits  (mean  ±3  standard  deviations)  were  158  and  50 
respectively.  Aqueous  surrogate  recoveries  ranged  from  63%  to  166%  with  the  mean  equal  to 
103%,  indicating  good  recoveries  were  generally  obtained  during  the  program.  Upper  and 
lower  aqueous  control  limits  (mean  ±3  standard  deviations)  were  149  and  57  respectively.  All 
samples  had  surrogate  recoveries  above  the  goal  and  no  VOC  results  were  qualified. 

1)4.4  Data  Qualification: 

The  on-site  analytical  data  was  qualified  as  needed  during  the  field  program.  A  secondary 
review  was  made  after  the  laboratory  was  dismantled  and  the  database  reviewed  for  any  further 
qualification.  The  qualifiers  in  each  case  were  applied  through  guidance  found  in  the  ABB 
SOP:  purge  and  trap  field  chromatography,  1995. 

B  qualifier  is  added  to  values  as  evidence  of  method  blank  contamination. 

E  qualifier  is  added  to  values  that  exceed  the  calibration  range  of  the  instrument. 

S  qualifier  is  added  to  values  that  exceed  surrogate  acceptance  range  requirements. 

D5.0  ON-SITE/OFF-SITE  LABORATORY  SPLIT  SAMPLE  DATA  COMPARISON 

This  section  discusses  the  results  of  a  split  samples  collected  during  the  1996  AOC  50,  57, 
612,  and  69W  Remedial  Investigations  at  Fort  Devens,  Massachusetts.  The  soil  samples 
were  split  in  the  field  and  submitted  for  on-site  and  off-site  volatile  analysis  (14  samples), 
EPH/VPH  (7  samples),  and  petroleum  hydrocarbons  by  418.1  (22  samples).  The  purpose 
of  collection  of  the  split  samples  is  to  provide  a  comparison  of  the  on-site  data  with  the 
associated  off-site  data,  in  order  to  evaluate  data  quality  and  establish  the  on-site  results  as 
screening  data  with  definitive  confirmation  (USEPA,  1993). 

D.5.1  Analytical  Methodologies 

The  on-site  field  screening  target  compound  data  were  evaluated  using  the  USAEC  off¬ 
site  analytical  GC/mass  spectrometry  (MS)  method  for  VOCs  and  SVOCs. 
Dichlorobenzenes  and  naphthalene  off-site  data  were  taken  from  the  SVOC  analyses.  Off- 
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site  TPH  results  were  generated  using  USEPA  Method  9071  to  extract  samples  followed 
by  analysis  using  USEPA  Method  418. 1  (USEPA,  1983;  USEPA,  1986).  EPH  and  VPH 
results  were  obtained  using  methods  developed  by  the  MADEP  (MEDEP,  1995a; 
MEDEP,  1995b). 

D.5.3  Program  Objectives 

The  objectives  of  the  on-site  soil  field  screening  analytical  program  were  to  evaluate  the 
downgradient,  lateral,  and  vertical  distribution  of  contamination  in  overburden  soil,  and 
identify  critical  samples  for  off-site  laboratory  analysis.  For  the  purpose  of  this  on-site/off- 
site  data  comparison  action  levels  to  evaluate  the  data  sets  were  based  on  Category  S-l 
soils  cleanup  criteria  outlined  in  the  Massachusetts  Contingency  Plan  (MCP)  (MADEP, 
1995c).  A  summary  of  target  compound  action  levels  for  each  target  compound  evaluated 
using  the  on-site  methods  is  outlined  below: 


Action  Level  f  pg/gl 


Benzene  10 

Toluene  90 

Ethylbenzene  '  80 

Total  Xylenes  500 

Chlorobenzene  8 

1 . 1  -Dichloroethene  0 . 3 

1,2-Dichloroethene  2 

Chloroform  0. 1 

1 . 1 . 1  -T  richloroethane  3  0 

Carbon  Tetrachloride  1 

Trichloroethene  0.4 

Tetrachloroethene  0.5 

TPH  500 

Dichlorobenzene  (each  isomer)  100 

Naphthalene  4 

Vinyl  Chloride  0.3 


D.5.4  Data  Comparison  and  Evaluation 

Comparability  of  the  data  was  evaluated  using  two  separate  comparisons  outlined  in 
Section  4.6  of  the  POP  (ABB-ES,  1995).  The  first  comparison  evaluates  agreement  based 
on  detection  of  analytes  relative  to  action  levels.  The  second  comparison  evaluates  data 
based  on  relative  percent  differences  (RPDs)  between  split  samples.  Results  of  the  on- 
site/ofif-site  analyses  are  summarized  on  Table  D-5-1,  Table  D-5-2,  and  Table  D-5-3  for 
EPH/VPH,  TPHC,  and  VOCs,  respectively. 
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Comparison  1 

In  this  comparison  on-site  and  off-site  results  were  organized  into  one  of  the  four  • 
categories  described  below: 

1.  Both  on-site  and  off-site  analyses  had  the  target  compounds  detected/non- 
detected  at  concentrations  less  than  the  action  levels. 

2.  Both  on-site  and  off-site  analyses  had  the  target  analytes  detected  at 
concentrations  greater  than  action  levels. 

3.  The  target  compounds  were  reported  above  action  levels  for  on-site  and 
the  off-site  data  results  were  less  than  action  levels. 

4.  The  target  compounds  were  reported  above  the  action  level  off-site  and  the 
on-site  results  were  less  than  the  action  levels. 

A  primary  assumption  of  the  comparison  was  that  the  off-site  data  represented  the 
accurate  definitive  data  when  comparing  results.  Sample  data  which  fall  within  categories 
1  and  2  represent  agreement  between  on-site  and  off-site  analytical  results.  Sample  data  in 
category  3  suggested  a  high  bias  in  the  on-site  results.  Sample  data  in  category  4  suggest 
a  low  bias  in  on-site  results.  The  analytical  goal  of  the  program  was  to  have  over  95 
percent  of  the  results  fall  into  categories  1,  2  and  3. 

EPH/VPH 

EPH/VPH  split  sample  results  are  presented  in  Table  D5-1.  With  the  exception  of  VPH 
reported  by  the  off-site  laboratory  in  sample  BXBD0123,  results  were  reported  as  non-detect 
by  both  the  on-site  and  off-site  laboratory.  All  results  were  less  than  the  500  mg/g  action  level 
indicating  good  agreement  on  hydrocarbon  levels  relative  to  the  MCP  soil  criteria. 

TPHC.  The  results  of  21  of  22  (95.5%)  split  sample  analysis  fell  into  Category  1  and 
Category  2  indicating  good  agreement  for  the  on-site  and  ofF-site  analyses  relative  to 
action  levels  for  fuel  hydrocarbons.  These  data  indicate  that  the  on-site  data  are  adequate 
for  the  evaluation  of  the  distribution  of  hydrocarbons  at  the  500  mg/g  action  levels. 

VOCs.  The  detection  of  target  VOCs  by  the  on-site  laboratory  relative  to  action  levels 
was  confirmed  by  the  ofF-site  laboratory.  All  but  one  soil  sample  results  fell  within 
Category  1.  The  one  exception  was  BF570705,  where  one  target  compound 
(Naphthalene)  fell  into  Category  3.  Overall,  these  results  indicate  good  comparison  of  on¬ 
site  and  ofF-site  results  relative  to  MCP  soil  cleanup  goals  and  that  the  goals  of  the  action 
level  comparison  were  met. 
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Comparison  2 

For  the  second  comparison,  relative  percent  difference  (RPD)  values  were  calculated  for 
associated  on-site/off-site  surface  soil  samples.  Calculation  of  RPD  is  outlined  in  the  POP 
(ABB-ES,  1995).  RPD  values  were  compared  to  USEPA  Region  I  soil  field  duplicate 
criteria  of  50%.  No  comparison  was  conducted  for  the  VPH/EPH  results  because  no 
comparative  positive  detections  were  available. 

VOCs 


The  majority  of  results  were  non-detects  in  both  the  on-site  and  off-site  laboratory 
indicating  consistent  agreement  with  the  absence  of  contamination  for  VOCs. 
Approximately  half  the  positive  detections  were  low  concentrations  of  VOCs  reported  in 
the  off-site  laboratory  at  concentrations  below  the  reporting  limit  of  on-site  split  sample. 
These  results  are  at  low  concentrations  are  not  interpreted  to  impact  use  of  field  screening 
results. 

In  the  remaining  samples,  concentrations  of  VOCs  reported  for  the  on-site  screening 
analysis  are  consistently  greater  than  concentrations  reported  in  the  off-site  analysis. 
Example  of  these  results  can  be  seen  in  samples  BF570700  for  naphthalene,  BF570705  for 
ethylbenzene,  xylenes,  and  naphthalene,  and  BF573006  for  ethylbenzene  and  naphthalene. 
These  results  indicate  a  possible  high  bias  of  on-site  results.  In  the  above  samples  high 
concentrations  of  TPH  were  detected  indicating  the  presence  of  fuel  contamination  at  the 
sample  locations.  The  on-site  method  for  VOCs  utilized  a  single  column  GC/PID  analysis 
for  BTEX  and  naphthalene  with  no  second  column  confirmation.  It  is  highly  likely  that 
compound  concentrations  were  over  estimated  due  to  interference  from  non-target  fuel 
hydrocarbons.  The  off-site  analysis  was  conducted  using  GC/MS  confirmation  of  target 
analytes  so  interference  from  non-target  hydrocarbon  would  not  results  in  quantitative 
interferences  or  false  positive  identification  of  compounds. 

It  is  important  to  note  that  evidence  had  also  been  published  indicating  the  possibility  of 
low  bias  off-site  results  due  to  loss  of  VOCs  during  sample  collection  and  handling  using 
bulk  sampling  procedures  (Liikala,  1995).  It  is  possible  that  concentrations  reported  at 
the  on-site  laboratory  may  be  more  representative  of  actual  site  conditions.  However,  for 
the  purpose  of  this  comparison,  on-site  results  are  considered  potentially  biased  high. 
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TPHC 


TPHC  was  detected  in  approximately  63%  of  the  samples.  RPDs  of  samples  with 
detected  TPH  ranged  from  6%  to  200%  with  the  majority  of  RPDs  outside  the  50% 
project  goal.  There  was  good  correlation  of  split  sample  results  relative  to  the  magnitude 
of  concentrations  reported.  In  all  samples  with  detects  reported,  concentrations  trends 
between  high  and  low  values  agreed  well.  These  results  indicate  that  TPH  data  are 
adequate  for  determination  of  presence  and  absence  of  fuel  contamination  and  the 
determination  of  the  relative  concentrations  of  contamination  at  the  sites,  however, 
reported  concentrations  should  be  considered  estimated  values. 

D.5.5  Conclusions 

There  was  a  strong  qualitative  and  quantitative  correlation  between  the  on-site  and  off-site 
laboratories.  The  goal  of  95  percent  of  on-site/off-site  data  characterized  by  conditions 
specified  in  POP  for  data  categories  1,  2  or  3  was  achieved  (ABB-ES,  1995),  based  on 
results  presented  in  Comparison  1 .  The  comparison  results  indicate  that  screening  results 
provided  adequate  data  to  identify  the  presence  or  absence  of  contamination  at  action 
levels  based  onMCP  Category  S-l  soil  cleanup  criteria  (MADEP,  1995). 

An  evaluation  of  RPDs  (Comparison  2)  indicates  results  for  on-site  analyses  for  the  VOC 
target  compounds  BTEX  and  naphthalene  contamination  may  be  biased  high.  Bias  is 
possibly  a  result  of  interferences  with  fuel-related  compounds  and  limitations  of  the 
GC/PID  single  column  analysis  used  at  the  on-site  laboratory.  The  TPH  results  are 
adequate  for  qualitative  and  semi-quantitative  uses,  but  reported  concentrations  should  be 
considered  estimated. 
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APPENDIX  D-2 
TABLE  D2-1 

1996  METHOD  DETECTION  LIMIT  STUDY  SUMMARY 
1996  ON-SITE  LABORATORY 
FORT  DEVENS,  MASSACHUSETTS 


EPH  MDL  Stud 


COMPOUND 

SPIKE  CONC. 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

STD.  DEV. 

MDL 

RL 

EPH 

50  mg/Kg 

53 

48 

41 

44 

44 

39 

36 

5.7 

18 

1 00  mg/Kg 

VPH  MDL  Study 


COMPOUND  SPIKE  CONC. 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

STD.  DEV. 

MDL 

RL 

VPH  2.5  mg/Kg 

2.0 

2.1 

2.3 

2.3 

1.9 

2.4 

1.9 

0.19 

0.57 

6.3  mg/Kg 

Initial  VOC  MDL  Study 


COMPOUND 

SPIKE  CONC. 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

STD.  DEV. 

MDL 

RL 

VC 

0.10  jj.g/L 

0.320 

0.358 

0.287 

0.296 

0.260 

0.302 

0.297 

0.0303 

0.095 

2.0  pg/L 

t-1 ,2-DCE 

0.10  pg/L 

0.096 

0.096 

0.098 

0.104 

0.093 

0.098 

0.108 

0.0053 

0.017 

2.0  pg/L 

c-1 ,2-DCE 

0.10  pg/L 

0.093 

0.096 

0.092 

0.093 

0.089 

0.095 

0.097 

0.0026 

0.008 

2.0  pg/L 

TCE 

0.10  pg/L 

0.093 

0.091 

0.093 

0.090 

0.086 

0.083 

0.094 

0.0042 

0.013 

2.0  pg/L 

PCE 

0.10  pg/L 

0.108 

0.103 

0.102 

0.103 

0.099 

0.101 

0.110 

0.0039 

0.012 

2.0  pg/L 

BEN 

0.10  pg/L 

0.575 

0.589 

0.577 

0.578 

0.566 

0.553 

0.564 

0.0117 

0.037 

2.0  pg/L 

TOL 

0.10  pg/L 

0.416 

0.423 

0.415 

0.429 

0.409 

0.423 

0.422 

0.0066 

0.021 

2.0  pg/L 

EBEN 

0.10  pg/L 

0.385 

0.411 

0.377 

0.400 

0.391 

0.397 

0.542 

0.0572 

0.180 

2.0  pg/L 

m/p-X 

0.20  pg/L 

0.796 

0.828 

0.728 

0.798 

0.784 

0.756 

0.716 

0.0405 

0.127 

4.0  pg/L 

o-X 

0.10  pg/L 

0.371 

0.393 

0.348 

0.479 

0.362 

0.392 

0.376 

0.0429 

0.135 

2.0  pg/L 

Second  VOC  MDL  Study 


COMPOUND 

SPIKE  CONC. 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

STD.  DEV. 

MDL 

RL 

VC 

0.10  pg/L 

0.065 

0.059 

0.055 

0.043 

0.052 

0.044 

0.050 

0.0079 

0.025 

1 .0  pg/L 

1,1 -DCE 

0.10  pg/L 

0.080 

0.071 

0.067 

0.066 

0.054 

0.054 

0.048 

0.0111 

0.035 

1.0  pg/L 

t-1 ,2-DCE 

0.10  pg/L 

0.104 

0.089 

0.099 

0.092 

0.092 

0.085 

0.080 

0.0079 

0.025 

1.0  pg/L 

c-1 ,2-DCE 

0.10  pg/L 

0.086 

0.078 

0.087 

0.079 

0.083 

0.073 

0.077 

0.0050 

0.016 

1.0  pg/L 

Chloroform 

0.10  pg/L 

0.110 

0.105 

0.114 

0.106 

0.110 

0.101 

0.105 

0.0043 

0.014 

1.0  pg/L 

1,1,1-TCA 

0.10  pg/L 

0.095 

0.090 

0.098 

0.089 

0.096 

0.086 

0.088 

0.0047 

0.015 

1.0  pg/L 

Carbon  tet. 

0.10  pg/L 

0.093 

0.087 

0.097 

0.085 

0.094 

0.085 

0.086 

0.0050 

0.016 

1.0  pg/L 

TCE 

0.10  pg/L 

0.090 

0.085 

0.091 

0.084 

0.085 

0.081 

0.081 

0.0039 

0.012 

1.0  pg/L 

PCE 

0.10  pg/L 

0.090 

0.084 

0.095 

0.089 

0.086 

0.082 

0.079 

0.0054 

0.017 

1 .0  pg/L 

BEN 

0.10  pg/L 

0.110 

0.106 

0.102 

0.104 

0.109 

0.106 

0.109 

0.0029 

0.009 

1.0  pg/L 

TOL 

0.10  pg/L 

0.118 

0.117 

0.115 

0.114 

0.119 

0.115 

0.118 

0.0019 

0.006 

1.0  pg/L 

CBEN 

0.10  pg/L 

0.101 

0.095 

0.096 

0.097 

0.102 

0.096 

0.097 

0.0028 

0.009 

1.0  pg/L 

EBEN 

0.10  pg/L 

0.112 

0.105 

0.106 

0.110 

0.113 

0.108 

0.115 

0.0037 

0.012 

1.0  pg/L 

m/p-X 

0.20  pg/L 

0.244 

0.223 

0.222 

0.227 

0.239 

0.230 

0.222 

0.0088 

0.028 

2.0  pg/L 

o-X 

0.10  pg/L 

0.128 

0.124 

0.122 

0.122 

0.125 

0.123 

0.124 

0.0021 

0.007 

1 .0  pg/L 

APPENDIX  D-2 
TABLE  D4-1 

EPH,  VPH,  TPHC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 

1996  ON-SITE  LABORATORY 
FORT  DEVENS,  MASSACHUSETTS 


EPH  MS/MS  D 


SAMPLE 

ID 

SAMPLE 

CONC. 

(mg/Kg) 

MS  CONC. 
ADDED 
(mg/Kg) 

MS 

RECOVERY 

(%> 

MSD 

RECOVERY 

(%) 

RPD 

(%) 

BX613A17XF 

<100 

100 

45 

54 

18 

BX610123XF 

<100 

100 

50 

43 

15 

VPH  MS/MSD 

SAMPLE 

SAMPLE 

MS  CONC. 

MS 

MSD 

ID 

CONC. 

ADDED 

RECOVERY 

RECOVERY 

RPD 

(mg/Kg) 

(mg/Kg) 

(%) 

(%) 

(%) 

BX613A17XF 

<6.3 

12.5 

88 

91 

3.4 

BX610123XF 

<6.3 

12.5 

57 

63 

10 

TPHC  MS 

SAMPLE 

SAMPLE 

MS  CONC. 

MS 

ID 

CONC. 

ADDED 

RECOVERY 

(mg/Kg) 

(mg/Kg) 

(%) 

RF571503 

12.000E 

2500 

NC 

EF573004 

12.000E 

2500 

NC 

BF570900 

<53 

2500 

104 

RF572002 

<54 

2500 

104 

BF571005 

<53 

2500 

96 

EF572803 

<52 

2500 

92 

RF571409 

64 

2500 

92 

BFZW1909 

840 

2500 

162 

BFZW0302 

<54 

2500 

88 

NC  =  Not  calculated 
E  =  Exceeded  calibration  range 


APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
•  1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Aqueous  samples 


SAMPLE 

ID 


MXBD01P1XF 


XFSA0315 


XFSA0265 


XFSA0660 


ANALYTE 

SAMPLE 

CONC. 

(us/L) 

MS  CONC. 
ADDED 

.  frg/L} 

MS 

RECOVERY 

(%) 

MSD 

RECOVERY 

(%) 

RPD 

(%) 

VC 

<2.0 

5.0 

101 

101 

0 

t-l,2-DCE 

<2.0 

5.0 

99 

103 

4.0 

C-1.2-DCE 

<2.0 

5.0 

93 

102 

9.2 

TCE 

<2.0 

5.0 

101 

104 

2.9 

PCE 

<2.0 

5.0 

102 

105 

2.9 

BEN 

<2.0 

5.0 

90 

100 

11 

TOL 

<2.0 

5.0 

87 

129 

39 

EBEN 

<2.0 

5.0 

94 

109 

15 

m/p-X 

<4.0 

10 

93 

104 

11 

o-X 

<2.0 

5.0 

90 

104 

14 

VC 

<2.0 

5.0 

105 

109 

3.7 

t-l,2-DCE 

<2.0 

50 

85 

89 

4.6 

c-l,2-DCE 

<2.0 

50 

87 

92 

5.6 

TCE 

<2.0 

50 

86 

91 

5.6 

PCE 

<2.0 

50 

88 

92 

4.4 

BEN 

<2.0 

50 

94 

96 

2.1 

TOL 

<2.0 

50 

94 

95 

1.1 

EBEN 

<2.0 

50 

94 

96 

2.1 

m/p-X 

<4.0 

100 

95 

97 

2.1 

o-X 

<2.0 

50 

95 

97 

2.1 

VC 

<2.0 

5.0  . 

101 

105 

3.9 

t-l,2-DCE 

<2.0 

50 

103 

101 

2.0 

c-l,2-DCE 

8.5 

50 

95 

93 

2.1 

TCE 

<2.0 

50 

105 

104 

1.0 

PCE 

15 

50 

81 

79 

2.5 

BEN 

<2.0 

50 

97 

97 

0 

TOL 

<2.0 

50 

98 

98 

0 

EBEN 

3.1 

50 

96 

98 

2.1 

m/p-X 

<4.0 

100 

105 

104 

1.0 

o-X 

<2.0 

50 

103 

104 

1.0 

VC 

<1.0 

10 

87 

89 

2.3 

1,1-DCE 

<1.0 

10 

96 

97 

1.0 

t-l,2-DCE 

<1.0 

10 

95 

101 

6.1 

c-l,2-DCE 

<1.0 

10 

60 

97 

47 

Chloroform 

<1.0 

10 

84 

108 

25 

1,1,1-TCA 

<1.0 

10 

101 

105 

3.9 

Carbon  tet. 

<1.0 

10 

101 

103 

2.0 

TCE 

<1.0 

10 

95 

101 

6.1 

PCE 

<1.0 

10 

67 

55 

20 

1,3-DCB 

<1.0 

10 

70 

104 

39 

1,4-DCB 

<1.0 

10 

64 

102 

46 

APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPEKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
'  1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Aqueous  samples 

SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

(ug/L) 

MS  CONC. 
ADDED 

MS 

RECOVERY 

{%): 

MSD 

RECOVERY 

<%) 

RPD 

(%) 

1,2-DCB 

<1.0 

10 

56 

108 

63 

BEN 

<1.0 

10 

87 

102 

16 

TOL 

<1.0 

10 

90 

103 

13 

CBEN 

<1.0 

10 

79 

106 

29 

EBEN 

<1.0 

10 

93 

103 

10 

m/p-X 

<2.0 

20 

92 

104 

12 

o-X 

<1.0 

10 

79 

102 

25 

Naph 

<1.0 

10 

12* 

101 

158* 

XFSA0755 

VC 

<1.0 

10 

85 

91 

6.8 

1,1-DCE 

<1.0 

10 

98 

102 

4.0 

t-l,2-DCE 

<1.0 

10 

102 

104 

1.9 

c-l,2-DCE 

<1.0 

10 

108 

111 

2.7 

Chloroform 

<1.0 

10 

110 

110 

0 

1,1,1-TCA 

<1.0 

10 

105 

107 

1.9 

Carbon  tet. 

<1.0 

10 

104 

107 

2.8 

TCE 

<1.0 

10 

110 

109 

0.9 

PCE 

<1.0 

10 

116 

117 

0.9 

1,3-DCB 

<1.0 

10 

106 

108 

1.9 

1,4-DCB 

<1.0 

10 

107 

109 

1.9 

1,2-DCB 

<1.0 

10 

114 

114 

0 

BEN 

<1.0 

10 

105 

106 

0.9 

TOL 

<1.0 

10 

108 

108 

0 

CBEN 

<1.0 

10 

106 

105 

0.9 

EBEN 

<1.0 

.  10 

105 

104 

1.0 

m/p-X 

<2.0 

20 

109 

108 

0.9 

o-X 

<1.0 

10 

106 

106 

0 

Naph 

<1.0 

10 

99 

113 

13 

XFSA1015 

VC 

<1.0 

10 

110 

113 

2.7 

1,1-DCE 

<1.0 

10 

112 

114 

1.8 

t-l,2-DCE 

<1.0 

10 

118 

120 

1.7 

c-l,2-DCE 

<1.0 

10 

114 

116 

1.7 

Chloroform 

<1.0 

10 

113 

116 

2.6 

1,1,1-TCA 

<1.0 

10 

112 

113 

0.9 

Carbon  tet. 

<1.0 

10 

112 

115 

2.6 

TCE 

<1.0 

10 

115 

116 

0.9 

PCE 

<1.0 

10 

114 

115 

0.9 

1,3-DCB 

<1.0 

10 

118 

119 

0.8 

1,4-DCB 

<1.0 

10 

120 

123 

2.5 

1,2-DCB 

<1.0 

10 

125 

128 

2.4 

BEN 

<1.0 

10 

103 

104 

1.0 

TOL 

<1.0 

10 

106 

107 

0.9 

CBEN 

<1.0 

10 

103 

105 

1.9 

EBEN 

<1.0 

10 

102 

103 

1.0 

m/p-X 

<2.0 

20 

102 

103 

1.0 

APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
‘  1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Aqueous  samples 


!l 

ANAL  VI  E 

SAMPLE 

CONC. 

(ug/L) 

MS  CON 
ADDEJ 

(ug/L) 

C.  MS 

)  RECOVERY 

{%) 

MSD 

RECOVERY 

(%) 

RPB 

Mil 

o-X 

<1.0 

10 

104 

105 

1.0 

Naph 

<1.0 

10 

125 

146 

15 

XFSA1220 

VC 

<1.0 

10 

88 

91 

3.4 

1,1-DCE 

<1.0 

10 

96 

99 

3.1 

t-l,2-DCE 

<1.0 

10 

97 

102 

5.0 

c-l,2-DCE 

<1.0 

10 

95 

101 

6.1 

Chloroform 

<1.0 

10 

96 

102 

6.1 

1,1,1-TCA 

<1.0 

10 

98 

101 

3.0 

Carbon  tet. 

<1.0 

10 

96 

100 

4.1 

TCE 

<1.0 

10 

95 

100 

5.1 

PCE 

<1.0 

10 

96 

102 

6.1 

1,3-DCB 

<1.0 

10 

96 

105 

9.0 

1,4-DCB 

<1.0 

10 

95 

105 

10 

1,2-DCB 

<1.0 

10 

88 

104 

17 

BEN 

<1.0 

10 

101 

104 

2.9 

TOL 

<1.0 

10 

103 

106 

2.9 

CBEN 

<1.0 

10 

100 

104 

3.9 

EBEN 

<1.0 

10 

100 

103 

3.0 

m/p-X 

<2.0 

20 

100 

103 

3.0 

o-X 

<1.0 

.  10 

101 

105 

3.9 

Naph 

<1.0 

10 

94 

127 

30 

XFSA1420 

VC 

<1.0 

10 

82 

84 

2.4 

1,1-DCE 

<1.0 

10 

96 

98 

2.1 

t-l,2-DCE 

<1.0 

10 

104 

108 

3.8 

c-l,2-DCE 

<1.0 

10 

102 

107 

4.8 

Chloroform 

<1.0 

10 

105 

109 

3.7 

1,1,1-TCA 

<1.0 

10 

103 

107 

3.8 

Carbon  tet. 

<1.0 

10 

105 

110 

4.7 

TCE 

<1.0 

10 

108 

110 

1.8 

PCE 

<1.0 

10 

112 

115 

2.6 

1,3-DCB 

<1.0 

10 

111 

115 

3.5 

1,4-DCB 

<1.0 

10 

122 

126 

3.2 

1,2-DCB 

<1.0 

10 

128 

132 

3.1 

BEN 

<1.0 

10 

99 

99 

0 

TOL 

<1.0 

10 

100 

101 

1.0 

CBEN 

<1.0 

10 

102 

103 

1.0 

EBEN 

<1.0 

10 

100 

101 

1.0 

m/p-X 

<2.0 

20 

100 

101 

1.0 

o-X 

<1.0 

10 

102 

103 

1.0 

Naph 

<1.0 

10 

102 

136 

29 

APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
'  1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Aqueous  samples 


SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

(og/L> 

MS  CONC, 
ADDED 

(as&) 

MS 

RECOVERY 

{%> 

MSD 

RECOVERY 

•  {%)  • 

RPD 

{%)  •• 

XFSA1350 

VC 

<1.0 

10 

84 

79 

6.1 

1,1-DCE 

<1.0 

10 

102 

99 

3.0 

t-l,2-DCE 

<1.0 

10 

110 

109 

0.9 

C-1.2-DCE 

<1.0 

10 

107 

108 

0.9 

Chloroform 

<1.0 

10 

108 

107 

0.9 

1,1,1-TCA 

<1.0 

10 

105 

104 

1.0 

Carbon  tet. 

<1.0 

10 

106 

106 

0.0 

TCE 

<1.0 

10 

106 

108 

1.9 

PCE 

<1.0 

10 

99 

101 

2.0 

1,3-DCB 

<1.0 

10 

111 

111 

0 

1,4-DCB 

<1.0 

10 

121 

120 

0.8 

1,2-DCB 

<1.0 

10 

121 

118 

2.5 

BEN 

<1.0 

10 

101 

100 

1.0 

TOL 

<1.0 

10 

103 

102 

1.0 

CBEN 

<1.0 

10 

106 

105 

0.9 

EBEN 

<1.0 

10 

103 

102 

1.0 

m/p-X 

<2.0 

20 

103 

102 

1.0 

o-X 

<1.0 

10 

105 

104 

1.0 

Naph 

<1.0 

10 

135 

146 

7.8 

XFSA2030 

VC 

<1.0 

10 

69 

74 

7.0 

1,1-DCE 

<1.0 

10 

97 

103 

6.0 

t-l,2-DCE 

<1.0 

10 

108 

112 

3.6 

c-l,2-DCE 

<1.0 

10 

113 

116 

2.6 

Chloroform 

<1.0 

10 

114 

116 

1.7 

1,1,1-TCA 

<1.0 

10 

109 

114 

4.5 

Carbon  tet. 

<1.0 

10 

110 

114 

3.6 

TCE 

<1.0 

10 

110 

114 

3.6 

PCE 

<1.0 

10 

111 

117 

5.3 

1,3-DCB 

<1.0 

10 

120 

125 

4.1 

1,4-DCB 

<1.0 

10 

123 

133 

7.8 

1,2-DCB 

<1.0 

10 

127 

141 

10 

BEN 

<1.0 

10 

90 

93 

3.3 

TOL 

<1.0 

10 

93 

96 

3.2 

CBEN 

<1.0 

10 

97 

100 

3.0 

EBEN 

<1.0 

10 

94 

99 

5.2 

m/p-X 

<2.0 

20 

'  94 

100 

6.2  . 

o-X 

<1.0 

10 

98 

99 

1.0 

Naph  <1.0  10  144  151  4.7 


APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


SAMPLE 

m 

.ANALYTE  • 

SAMPLE 

CONC. 

(ue/Kfi) 

MS  CONC. 
ADDED 
(ug/Kg) 

MS 

RECOVERY 

(%> 

MSD 

RECOVERY 

(%) 

1  RPD 1 

nil 

RF570802 

VC 

<125 

625 

108 

105 

2.8 

1,1-DCE 

<125 

625 

103 

99 

4.0 

t-l,2-DCE 

<125 

625 

108 

108 

0 

c-l,2-DCE 

<125 

625 

107 

108 

0.9 

Chloroform 

<125 

625 

107 

108 

0.9 

1,1,1-TCA 

<125 

625 

107 

109 

1.9 

Carbon  tet. 

<125 

625 

111 

112 

0.9 

TCE 

<125 

625 

109 

108 

0.9 

PCE 

<125 

625 

107 

106 

0.9 

BEN 

<125 

625 

98 

97 

1.0 

TOL 

<125 

625 

98 

98 

0 

CBEN 

<125 

625 

99 

102 

3.0- 

EBEN 

<125 

625 

99 

99 

0 

m/p-X 

<250 

1250 

98 

99 

1.0 

o-X 

<125 

625 

99 

98 

1.0 

EF573004 

VC 

<125 

625 

102 

104 

1.9 

1,1-DCE 

<125 

625 

97 

92 

5.3 

t-l,2-DCE 

<125 

625 

106 

108 

1.9 

c-l,2-DCE 

<125 

625 

106 

108 

1.9 

Chloroform 

<125 

625 

106 

108 

1.9 

1,1,1-TCA 

<125 

625 

106 

108 

1.9 

Carbon  tet. 

<125 

625 

108 

108 

0 

TCE 

<125 

625 

107 

109 

1.9 

PCE 

<125 

625 

112 

113 

0.9 

BEN 

<125 

625 

99 

99 

0 

TOL 

<125 

625 

100 

100 

0 

CBEN 

<125 

625 

100 

102 

2.0 

EBEN 

<125 

625 

107 

110 

2.8 

m/p-X 

<250 

1250 

113 

113 

0 

o-X 

<125 

625 

117 

117 

0 

BFZW190I 

VC 

<125 

625 

103 

99 

4.0 

1,1-DCE 

<125 

625 

105 

102 

2.9 

t-l,2-DCE 

<125 

625 

107 

105 

1.9 

c-l,2-DCE 

<125 

625 

106 

105 

0.9 

Chloroform 

<125 

625 

105 

105 

0 

1,1,1-TCA 

<125 

625 

105 

104 

1.0 

Carbon  tet. 

<125 

625 

107 

104 

2.8 

APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Soil  samples 


SAMPLE 

TD 

ANALYTE 

SAMPLE 

CONC 

<Ug/Kfi) 

MS  CONC. 
ADDED 

mmrnm 

MS 

RECOVERY 

(%>  - 

MSD 

RECOVERY 

(%> 

RPD 

(%) 

TCE 

<125 

625 

107 

105 

1.9 

PCE 

<125 

625 

108 

106 

1.9 

1,3-DCB 

<125 

625 

101 

100 

1.0 

1,4-DCB 

<125 

625 

103 

104 

1.0 

1,2-DCB 

<125 

625 

107 

111 

3.7 

BEN 

<125 

625 

95 

95 

0 

TOL 

<125 

625 

97 

97 

0 

CBEN 

<125 

625 

95 

95 

0 

EBEN 

<125 

625 

96 

96 

0 

m/p-X 

<250 

1250 

96 

96 

0 

o-X 

<125 

625 

97 

97 

0 

Naph 

<125 

625 

84 

101 

18 

RF571605 

VC 

<125 

625 

81 

81 

0 

1,1-DCE 

<125 

625 

89 

86 

3.4 

t-l,2-DCE 

<125 

625 

94 

94 

0 

c-l,2-DCE 

<125 

625 

103 

103 

0 

Chloroform 

<125 

625 

113 

112 

0.9 

1,1,1-TCA 

<125 

625 

108 

108 

0 

Carbon  tet. 

<125 

625 

104 

102 

1.9 

TCE 

<125 

625 

102 

102 

0 

PCE 

<125 

625 

102 

103 

1.0 

1,3-DCB 

<125 

625 

107 

108 

0.9 

1,4-DCB 

<125 

625 

108 

107 

0.9 

1,2-DCB 

<125 

625 

107 

109 

1.9 

BEN 

<125 

625 

78 

79 

1.3 

TOL 

<125 

625 

80 

81 

1.2 

CBEN 

<125 

625 

82 

82 

0 

EBEN 

<125 

625 

83 

83 

0 

m/p-X 

<250 

1250 

81 

81 

0 

o-X 

<125 

625 

83 

83 

0 

Naph 

<125 

625 

90 

97 

7.5 

RF57I705 

VC 

<125 

625 

76 

76 

0 

1,1-DCE 

<125 

625 

62 

64 

3.2 

t-l,2-DCE 

<125 

625 

125 

126 

0.8 

c-l,2-DCE 

<125 

625 

103 

104 

1.0 

Chloroform 

<125 

625 

122 

123 

0.8 

1,1,1-TCA 

<125 

625 

106 

106 

0 
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TABLE  D4-2  5 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

MS  CONC. 
ADDED 
(U2/K2) 

MS 

RECOVERY 

(%> 

MSD 

RECOVERY 

(%> 

RPD 

illtl  !l 

Carbon  tet. 

<125 

625 

108 

107 

0.9 

TCE 

<125 

625 

103 

103 

0 

PCE 

<125 

625 

102 

104 

1.9 

1,3-DCB 

<125 

625 

104 

107 

2.8 

1,4-DCB 

<125 

625 

104 

108 

3.8 

1,2-DCB 

<125 

625 

104 

109 

4.7 

BEN 

<125 

625 

78 

79 

1.3 

TOL 

<125 

625 

82 

83 

1.2 

CBEN 

<125 

625 

81 

81 

0 

EBEN 

<125 

625 

82 

83 

1.2 

m/p-X 

<250 

1250 

80 

81 

1.2 

o-X 

<125 

625 

82 

83 

1.2 

Naph 

<125 

625 

77 

89 

14 

BFZW2110 

VC 

<125 

625 

73 

73 

0 

1,1-DCE 

<125 

625 

61 

61 

0 

t-l,2-DCE 

<125 

625 

99 

99 

0 

c-l,2-DCE 

<125 

625 

101 

101 

0 

Chloroform 

<125 

625 

116 

116 

0 

1,1,1-TCA 

<125 

625 

105 

105 

0 

Carbon  tet. 

<125 

625 

107 

107 

0 

TCE 

<125 

625 

104 

103 

1.0 

PCE 

<125 

625 

104 

102 

1.9 

1,3-DCB 

<125 

625 

108 

108 

0 

1,4-DCB 

<125 

625 

118 

112 

5.2 

1,2-DCB 

<125 

625 

120 

115 

4.3 

BEN 

<125 

625 

78 

77 

1.3 

TOL 

<125 

625 

83 

83 

0 

CBEN 

<125 

625 

80 

80 

0 

EBEN 

<125 

625 

82 

82 

0 

m/p-X 

<250 

1250 

80 

80 

0 

o-X 

<125 

625 

82 

82 

0 

Naph 

<125 

625 

84 

95 

12 

RF572002 

VC 

<125 

625 

101 

98 

3.0 

1,1-DCE 

<125 

625 

108 

105 

2.8 

t-l,2-DCE 

<125 

625 

130 

127 

2.3 

c-l,2-DCE 

<125 

625 

108 

106 

1.9 

Chloroform 

<125 

625 

112 

111 

0.9 
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TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Soil  samples 


SAMPLE 

ID 

ANALYTE 

•.'.SAMPLE-  - 
CO NC 
(W2/K2) 

MSCONC. 
ADDED 
f«2 fKz) 

MS 

RECOVERY 

<%> 

MSD 

RECOVERY 

(%) 

RPD 

(%) 

1,1,1-TCA 

<125 

625 

107 

105 

1.9 

Carbon  tet. 

<125 

625 

110 

105 

4.7 

TCE 

<125 

625 

108 

102 

5.7 

PCE 

<125 

625 

108 

105 

2.8 

1,3-DCB 

<125 

625 

101 

102 

1.0 

1,4-DCB 

<125 

625 

102 

104 

1.9 

1,2-DCB 

<125 

625 

107 

112 

4.6 

BEN 

<125 

625 

100 

99 

1.0 

TOL 

<125 

625 

101 

99 

2.0 

CBEN 

<125 

625 

100 

100 

0 

EBEN 

<125 

625 

100 

99 

1.0 

m/p-X 

<250 

1250 

100 

99 

1.0 

o-X 

<125 

625 

97 

96 

1.0 

Naph 

<125 

625 

84 

102 

19 

BF570900 

VC 

<125 

625 

92 

93 

1.1 

1,1-DCE 

<125 

625 

102 

104 

1.9 

t-l,2-DCE 

<125 

625 

118 

123 

4.1 

c-l,2-DCE 

<125 

625 

107 

109 

1.9 

Chloroform 

<125 

625 

112 

116 

3.5 

1,1,1-TCA 

<125 

625 

105 

106 

0.9 

Carbon  tet. 

<125 

625 

102 

104 

1.9 

TCE 

<125 

625 

101 

105 

3.9 

PCE 

<125 

625 

102 

103 

1.0 

1,3-DCB 

<125 

625 

100 

103 

3.0 

1,4-DCB 

<125 

625 

99 

102 

3.0 

1,2-DCB 

<125 

625 

101 

107 

5.8 

BEN 

<125 

625 

99 

102 

3.0 

TOL 

<125 

625 

102 

103 

1.0 

CBEN 

<125 

625 

100 

103 

3.0 

EBEN 

<125 

625 

100 

102 

2.0 

m/p-X 

<250 

1250 

100 

103 

3.0 

o-X 

<125 

625 

100 

104 

3.9 

Naph 

<125 

625 

72 

94 

27 

BX502005 

VC 

<1.0 

10 

61 

95 

44 

1,1-DCE 

<1.0 

10 

93 

94 

1.1 

t-l,2-DCE 

<1.0 

10 

71 

95 

29 

c-l,2-DCE 

<1.0 

10 

78 

93 

18 
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APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Soil  samples 


SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

tug/Kfi) 

SMI 

ADDED 

Cug/Kg)  :  • 

MS 

RECOVERY 

(%) 

MSD 

RECOVERY 

(%} 

RPD  !i:i 

{%} 

Chloroform 

<1.0 

10 

79 

94 

17 

1,1,1-TCA 

<1.0 

10 

72 

95 

28 

Carbon  tet. 

<1.0 

10 

70 

97 

32 

TCE 

<1.0 

10 

75 

93 

21 

PCE 

<1.0 

10 

77 

95 

21 

1,3-DCB 

<1.0 

10 

92 

95 

3.2 

1,4-DCB 

<1.0 

10 

93 

99 

6.3 

1,2-DCB 

<1.0 

10 

95 

104 

9.0 

BEN 

<1.0 

10 

67 

84 

23 

TOL 

<1.0 

10 

71 

84 

17 

CBEN 

<1.0 

10 

78 

85 

8.6 

EBEN 

<1.0 

10 

75 

85 

13 

m/p-X 

<2.0 

20 

75 

85 

13 

o-X 

<1.0 

10 

78 

85 

8.6 

Naph 

<1.0 

10 

126 

101 

22 

BX502015 

VC 

<1.0 

10 

111 

97 

13 

1,1-DCE 

<1.0 

10 

110 

99 

11 

t-l,2-DCE 

<1.0 

10 

110 

102 

7.5 

c-l,2-DCE 

<1.0 

10 

109 

102 

6.6 

Chloroform 

<1.0 

10 

110 

104 

5.6 

1,1,1-TCA 

<1.0 

10 

111 

103 

7.5 

Carbon  tet. 

<1.0 

10 

112 

104 

7.4 

TCE 

<1.0 

10 

108 

100 

7.7 

PCE 

<1.0 

10 

116 

106 

9.0 

1,3-DCB 

<1.0 

10 

108 

103 

4.7 

1,4-DCB 

<1.0 

10 

110 

104 

5.6 

1,2-DCB 

<1.0 

10 

110 

106 

3.7 

BEN 

<1.0 

10 

98 

89 

9.6 

TOL 

<1.0 

10 

98 

89 

9.6 

CBEN 

<1.0 

10 

97 

91 

6.4 

EBEN 

<1.0 

10 

98 

91 

7.4 

m/p-X 

<2.0 

20 

98 

91 

7.4 

o-X 

<1.0 

10 

98 

91 

7.4 

Naph 

<1.0 

10 

90 

101 

12 
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APPENDIX  D-2 
TABLE  D4-2 

VOC  MATRIX  SPIKE  and  MATRIX  SPIKE  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORATORY 
FORT  DEVENS,  MASSACHUSETTS 


Soil  samples 


SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

(wgflCg) 

MS CONC 

ADDED 

(ue/Kfi) 

MS 

RECOVERY 

m 

MSD 

RECOVERY 

(%> 

RPD 

BX502025 

VC 

<1.0 

10 

88 

87 

1.1 

1,1-DCE 

<1.0 

10 

91 

88 

3.4 

t-l,2-DCE 

<1.0 

10 

98 

96 

2.1 

c-l,2-DCE 

<1.0 

10 

101 

100 

1.0 

Chloroform 

<1.0 

10 

103 

100 

3.0 

1,1,1-TCA 

<1.0 

10 

96 

91 

5.3 

Carbon  tet. 

<1.0 

10 

95 

91 

4.3 

TCE 

<1.0 

10 

97 

93 

4.2 

PCE 

<1.0 

10 

166 

163 

1.8 

1,3-DCB 

<1.0 

10 

104 

103 

1.0 

1,4-DCB 

<1.0 

10 

107 

109 

1.9 

1,2-DCB 

<1.0 

10 

108 

112 

3.6 

BEN 

<1.0 

10 

84 

82 

2.4 

TOL 

<1.0 

10 

84 

82 

2.4 

CBEN 

<1.0 

10 

89 

87 

2.3 

EBEN 

<1.0 

10 

85 

83 

2.4 

m/p-X 

<2.0 

20 

85 

83 

2.4 

o-X 

<1.0 

10 

87 

85 

2.3 

Naph 

<1.0 

10 

106 

106 

0 
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APPENDIX  D-2 
TABLE  D4-3 

EPH,  VPH,  TPHC  FIELD  DUPLICATE  RESULTS 
1 996  ON-SITE  LABORATORY 
FORT  DEVENS,  MASSACHUSETTS 


EPH  Duplicates 


SAMPLE 

ID 

SAMPLE 

CONC. 

(mg/Kg) 

DUPLICATE 

CONC. 

(mg/Kg) 

RPD 

(%) 

BX613A17XF 

<100 

<100 

NA 

BX610115XF 

<100 

<100 

NA 

MXBD0323XF 

<100 

<100 

NA 

MXBD0217XF 

<100 

<100 

NA 

VPH  Duplicates 

SAMPLE 

SAMPLE 

DUPLICATE 

ID 

CONC. 

CONC. 

RPD 

(mg/Kg) 

(mg/Kg) 

(%) 

BX613A17XF 

<6.3 

<6.3 

NA 

BX610115XF 

<6.3 

<6.3 

NA 

MXBD0323XF 

<6.3 

<6.3 

NA 

MXBD0217XF 

<6.3 

<6.3 

NA 

TPHC  Duplicates 

SAMPLE 

SAMPLE 

DUPLICATE 

ID 

CONC. 

CONC. 

RPD 

ppm 

PPm 

(%) 

RF571206 

<52 

<52 

NA 

EF573106 

10,000 

14,000 

33 

BFZW1901 

<53 

53 

200 

BFZW1905 

<53 

<53 

NA 

RF571503 

12000E 

12000E 

0 

RF571603 

53 

53 

0 

BFZW0304 

<58 

<58 

NA 

BFZW0306 

<57 

<59 

NA 

RF571709 

65 

<65 

200 

RF572002 

<54 

<54 

NA 

BF571110 

<62 

<65 

NA 

BF570910 

<70 

<70 

NA 

EF572803 

<52 

52 

200 

RF571409 

64 

<64 

200 

NC  =  Not  calculated 
NA  =  Not  applicable 
E  =  Exceeded  calibration  range 


APPENDIX  D-2 
TABLE  D4-4 

VOC  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORY 
.  FORT  DEVENS,  MASSACHUSETTS 


Aqueous  Samples 


SAMPLE 

ID 

ANALYTE 

SAMPLE 

CONC. 

(ug/L> 

DUPLICATE 

CONC. 

fug/L) 

RPD 

m 

MX613B30XF 

ALL  BRL 

ND 

ND 

NA 

MX610129XF 

ALL  BRL 

ND 

ND 

NA 

XFSA0315 

ALL  BRL 

ND 

ND 

NA 

XFSA0345 

VC 

4.0 

4.3 

7.2 

c-l,2-DCE 

86 

85 

1.2 

TCE 

25 

24 

4.1 

PCE 

67 

65 

3.0 

EBEN 

3.3 

3.0 

9.5 

m/p-X 

9.0 

8.1 

11 

o-X 

2.7 

2.2 

20 

XFSA0265 

c-l,2-DCE 

8.5 

6.8 

22 

PCE 

15 

12 

22 

EBEN 

3.1 

<2.0 

200.0 

MF571305 

TOL 

2.9 

2.6 

11 

EBEN 

2.8 

2.6 

7.4 

XFSA0420 

PCE 

33E 

33E 

0 

XFSA0520 

c-l,2-DCE 

4.1 

4.6 

11 

PCE 

2.3 

2.5 

8.3 

XFSA0640 

ALL  BRL 

ND 

ND 

NA 

XFSA0650 

ALL  BRL 

ND 

ND 

NA 

XFSA0755 

ALL  BRL 

ND 

ND 

NA 

XFSA0840 

ALL  BRL 

ND 

ND 

NA 

XFSA1015 

ALL  BRL 

ND 

ND 

NA 

XFSA1035 

ALL  BRL 

ND 

ND 

NA 

XFSA1130 

PCE 

64E 

63E 

1.6 

XFSA1330 

PCE 

4500 

4100 

9.3 

XFSA1420 

ALL  BRL 

ND 

ND 

NA 

XFSA1440 

PCE 

3.0 

3.2 

6.5 

XFSA1350 


PCE 


12000 


8000 


40 


APPENDIX  D-2 
TABLE  D4-4 

VOC  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORY 
.  FORT  DEVENS,  MASSACHUSETTS 


Aqueous  Samples 


SAMPLE 

MlwiMaM 

ANALYTE 

SAMPLE 

CONC. 

DUPLICATE 

CONC. 

(ug/L) 

RPD 

(%) 

XFSA1945 

c-l,2-DCE 

n 

7.7 

35 

PCE 

26E 

20 

26 

XFSA1965 

c-l,2-DCE 

64E 

70E 

9.0 

TCE 

17 

18 

5.7 

PCE 

93E 

100E 

7.3 

TOL 

4.9 

7.8 

46 

XFSA2020 

BRL 

ND 

ND 

NA 

APPENDIX  D-2 
TABLE  D4-4 

VOC  DUPLICATE  RESULTS 
1996  ON-SITE  LABORATORY 
-  FORT  DEVENS,  MASSACHUSETTS 


SOIL  Samples 


SAMPLE 

ID 

.  >.v  ANALYTE  ' 

SAMPLE 

CONC. 

<ufi/k£) 

DUPLICATE 

CONC. 

(ug/kg) 

RPD 

{%) 

RF570802 

BRL 

ND 

ND 

EF573004 

BRL 

ND 

ND 

NA 

RF571010 

o-X 

880 

<300 

200 

RF571206 

BRL 

ND 

ND 

NA 

EF573106 

Naph 

560 

<270 

200 

BFZW1901 

BRL 

ND 

ND 

NA 

RF571603 

Chloroform 

380  B 

<260 

200 

Naph 

<260 

930 

200 

BFZW0304 

BRL 

ND 

ND 

NA 

BFZW0306 

BRL 

ND 

ND 

NA 

RF571709 

BRL 

ND 

ND 

NA 

RF572002 

Chloroform 

340 

<270 

200 

BF571005 

BRL 

ND 

ND 

NA 

BF571110 

BRL 

ND 

ND 

NA 

BXG613B29 

c-l,2-DCE 

12 

6.5 

59 

PCE 

220E 

100E 

75 

BX502025 

PCE 

17 

21 

21 

BX502030 

BRL 

ND 

ND 

NA 

*  =  data  not  included  with  statistics  of  the  table,  data  is  an  outlier. 
BRL  =  All  target  compounds  reported  below  reporting  limits 
ND  =  non-detect 


Appendix  D-2 
Table  D5-1 

VPH/EPH  Split  Sample  Results 
1996  Field  Program 
Fort  Devens,  Massachusetts 


SampleDate 

Sample 

HSIb 

RPD 

Scenario 

UA4 

6/21/96 

BX610127 

NC 

1 

6/24/96 

BX610225 

H 

NC 

1 

6/20/96 

BX613A25 

0.16  U 

110U 

NC 

1 

6/19/96 

BX613B27 

0.17  U 

130  U 

NC 

1 

6/18/96 

BXBD0123 

0.17  U 

110  U 

NC 

1 

6/25/96 

MXBD0327 

0.16  U 

110U 

NC 

1 

6/25/96 

MXBD0229 

0.18  U 

120  U 

NC 

1 

IMalf  iii 

Scenario 

RPD 

1AM 

6/21/96 

BX610127 

WMggm 

7800  U 

NC 

1 

6/24/96 

BX6 10225 

K 

NC 

1 

6/20/96 

BX613A25 

NC 

1 

6/19/96 

BX613B27 

13  U 

7900  U 

NC 

l 

6/18/96 

BXBD0123 

280 

0 

l 

6/25/96 

MXBD0327 

25  U 

7100  U 

NC 

1 

6/25/96 

MXBD0229 

25  U 

7500  U 

NC 

l 

Notes: 

BC  =  Not  Calculated 

RPD  =  Relative  Percent  Difference 


W002974.doc 


Appendix  D-2 
Table  D5-2 

TPHC  Split  Sample  Results 
1996  Field  Program 
Fort  Devens,  Massachusetts 


Field  Sample 
Number 

Analyte 

Off-Site 

Result 

On-Site 

Result 

RPD 

Scenario 

EF  573 106 

TPHC 

18300 

57* 

2 

EF573006 

TPHC 

6960 

24 

2 

EF572911 

TPHC 

262 

160 

48 

1 

EF572810 

TPHC 

36100 

160 

198* 

4 

BF571110 

TPHC 

27.8  U 

62  U 

NC 

1 

BF571105 

TPHC 

4250 

7400 

54* 

2 

BF571010 

TPHC 

27.8  U 

65 

200* 

1 

BF571005 

TPHC 

27.6  U 

53  U 

NC 

1 

BF570905 

TPHC 

27.8  U 

61 U 

NC 

1 

BF570900 

TPHC 

39.4 

150 

65* 

1 

BF570805 

TPHC 

27.8  U 

67  U 

NC 

1 

BF570800 

TPHC 

50 

53 

6.0 

1 

BF570705 

TPHC 

31600 

14000 E 

77* 

2 

BF570700 

TPHC 

41400 

12000 E 

110* 

2 

BFZW0306 

TPHC 

57.5 

57  U 

200* 

1 

BFZW0310 

TPHC 

27.8  U 

61 U 

NC 

1 

BFZW1905 

TPHC 

27.8  U 

0.4  U 

NC 

1 

BFZW1909 

TPHC 

1740 

840 

67* 

2 

BFZW2002 

TPHC 

27.8  U 

62 

200* 

1 

BRZW2004 

TPHC 

27.8  U 

62  U 

NC 

1 

BFZW2104 

TPHC 

27.8  U 

55  U 

NC 

1 

BFZW2108 

TPHC 

27.8  U 

57 

200* 

1 

Notes: 

1.  Concentrations  in  jj-g/g 
RPD  =  Relative  Percent  Difference 
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APPENDIX  D-2 
TABLE  D5-3 

SUMMARY  OF  VOLATILE  SPLIT  SAMPLE  RESULTS 
1996  FIELD  PROGRAM 
FORT  DEVENS,  MASSACHUSETTS 


US! 

ON-SITE  RESULT 

Hft/y 

RPD 

BF570700 

111TCE 

.0044  U 

1.4  U 

NA 

11DCE 

.0039  U 

1.4  U 

NA 

i 

12DCE 

.003  U 

1.4  U 

NA 

i 

12DCLB 

1  U 

1.4  U 

NA 

i 

13DCLB 

1  U 

1.4  U 

NA 

i 

14DCLB 

1  u 

1.4  U 

NA 

i 

C2H3CL 

.0062  U 

1.4  U 

NA 

i 

C6H6 

.0015  U 

1.4  U 

NA 

i 

CCL4 

.007  U 

1.4  U 

NA 

i 

CHCL3 

.00087  U 

1.4  U 

NA 

i 

CLC6H5 

.00086  U 

1.4  U 

NA 

i 

ETC6H5 

.0017  U 

1.4  U 

NA 

i 

MEC6H5 

.00078  U 

1.4  U 

NA 

i 

NAP 

HI 

~  2  3  ; 

200 

i 

TCLEE 

0057 

0 

i 

TRCLE 

.0028  U 

1.4  U 

NA 

i 

.0015  U 

1.4  U 

NA 

i 

BF570705 

111TCE 

0.022  U 

1.6  U 

NA 

i 

I1DCE 

0.02  U 

1.6  U 

NA 

i 

12DCE 

0.015  U 

1.6  U 

NA 

i 

C2H3CL 

0.031  U 

1.6  U 

JNA 

i 

C6H6 

0.0075  U 

1.6  U 

NA 

i 

CCL4 

0.035  U 

1.6  U 

NA 

i 

CHCL3 

0.0044  U 

1.6  U 

NA 

i 

CLC6H5 

0.0044  U 

1.6  U 

NA 

i 

ETC6H5 

12 

HHHH 

ft 

i 

mom 

it 

WP  I6U  i 

NA 

i 

TCLEE 

0.0041  U 

1.6  U 

NA 

i 

TRCLE 

0.014  U 

1.6  U 

NA 

i 

22 

1 19 

i 

I2DCU3 

54 

i 

13DCLB 

0.6  U 

1.6  U 

NA 

i 

14DCLB 

14 

150 

i 

NAP 

9 

27  J 

w 

3 

BF570800 

111TCE 

0.0044  U 

0.27  U 

NA 

1 

11DCE 

0.0039  U 

0.27  U 

NA 

1 

12DCE 

0.003  U 

0.27  U 

NA 

1 

C2H3CL 

0.0062  U 

0.27  U 

NA 

1 

C6H6 

0.0015  U 

0.27  U 

NA 

1 

CCL4 

0.007  U 

0.27  U 

NA 

1 

CHCL3 

0.00087  U 

0.27  U 

NA 

1 

CLC6H5 

0.00086  U 

0.27  U 

NA 

1 

ETC6H5 

0.0017  U 

0.27  U 

NA 

1 

MEC6H5 

0*0016 

0*27  U 

0 

1 

TCLEE 

0.00081  U 

0.27  U 

NA 

1 

TRCLE 

0.0028  U 

0.27  U 

NA 

1 

APPENDIX  D-2 
TABLE  D5-3 

SUMMARY  OF  VOLATILE  SPLIT  SAMPLE  RESULTS 
1996  FIELD  PROGRAM 
FORT  DEVENS,  MASSACHUSETTS 


FIELD  SAMPLE 
'NUMBER 

TARGET 

COMPOUND 

ON-SITE  RESULT 

Pg/g 

RPD 

XYLEN 

0.0015  U 

0.54  U 

NA 

i 

12DCLB 

.11  U 

0.27  U 

NA 

i 

13DCLB 

.13  U 

0.27  U 

NA 

i 

14DCLB 

.098  U 

0.27  U 

NA 

i 

NAP 

.037  U 

0.27  U 

NA 

i 

BF570805 

111TCE 

0.0044  U 

0.33  U 

NA 

i 

1IDCE 

0.0039  U 

0.33  U 

NA 

i 

12DCE 

0.003  U 

0.33  U 

NA 

i 

C2H3CL 

0.0062  U 

0.33  U 

NA 

i 

C6H6 

0.0015  U 

0.33  U 

NA 

i 

CCL4 

0.007  U 

0.33  U 

NA 

i 

CHCL3 

0.00087  U 

0.33  U 

NA 

i 

CLC6H5 

0.00086  U 

0.33  U 

NA 

i 

ETC6H5 

0.0017  U 

0.33  U 

NA 

i 

MEC6H5 

0.00078  U 

0.33  U 

NA 

i 

TCLEE 

0.00081  U 

0.33  U 

NA 

i 

TRCLE 

0.0028  U 

0.33  U 

NA 

i 

XYLEN 

0.0015  U 

0.66  U 

NA 

i 

12DCLB 

.11  U 

0.33  U 

NA 

i 

13DCLB 

.13  U 

0.33  U 

NA 

i 

14DCLB 

.098  U 

0.33  U 

NA 

i  < 

NAP 

.037  U 

0.33  U 

NA 

i 

BF570900 

111TCE 

0.0044  U 

0.26  U 

NA 

i 

11DCE 

0.0039  U 

0.26  U 

NA 

i 

12DCE 

0.003  U 

0.26  U 

NA 

i 

C2H3CL 

0.0062  U 

0.26  U 

NA 

i 

C6H6 

0.0015  U 

0.26  U 

NA 

i 

CCL4 

0.007  U 

0.26  U 

NA 

i 

CHCL3 

0.00087  U 

0.26  U 

NA 

i 

CLC6H5 

0.00086  U 

0.26  U 

NA 

i 

ETC6H5 

0.0017  U 

0.26  U 

NA 

i 

MEC6H5 

0*003 

0  26U 

i 

TCLEE 

0.00081  U 

0.26  U 

NA 

i 

TRCLE 

0.0028  U 

0.26  U 

NA 

i 

XYLEN 

0.0015  U 

0.52  U 

NA 

i 

12DCLB 

.11  U 

0.26  U 

NA 

i 

13DCLB 

.13  U 

0.26  U 

NA 

i 

14DCLB 

.098  U 

0.26  U 

NA 

i 

NAP 

*048 

0.26  U 

i 

BF570905 

111TCE 

0.0044  U 

0.31  U 

NA 

i 

11DCE 

0.0039  U 

0.31  U 

NA 

i 

12DCE 

0.003  U 

0.31  U 

NA 

i 

C2H3CL 

0.0062  U 

0.31  U 

NA 

i  i 

C6H6 

0.0015  U 

0.31  U 

NA 

i  * 

CCL4 

0.007  U 

0.31  U 

NA 

i 

CHCL3 

0.00087  U 

0.31  U 

NA 

i 

APPENDIX  D-2 
TABLE  DS-3 

SUMMARY  OF  VOLATILE  SPLIT  SAMPLE  RESULTS 
1996  FIELD  PROGRAM 
FORT  DEVENS,  MASSACHUSETTS 


BBS) 

H 

Mm  ig|  > 

ON-SITE  RESULT : 

rpd:  < 

a«n 

0.00086  U 

0.31  U 

NA 

ETC6H5 

0.0017  U 

0.31  U 

NA 

0*0012 

0*31  0 

|  \ 

TCLEE 

0.00081  U 

0.31  U 

NA 

TRCLE 

0.0028  U 

0.31  U 

NA 

XYLEN 

0.0015  U 

0.61  U 

NA 

12DCLB 

.11  U 

0.31  U 

NA 

13DCLB 

.13  U 

0.31  U 

NA 

14DCLB 

.098  U 

0.31  U 

NA 

NAP 

.037  U 

0.31  U 

NA 

BF571005 

111TCE 

.0044  U 

0.26  U 

NA 

11DCE 

.0039  U 

0.26  U 

NA 

12DCE 

.003  U 

0.26  U 

NA 

I2DCLB 

.11  U 

0.26  U 

NA 

13DCLB 

.13  U 

0.26  U 

NA 

14DCLB 

.098  U 

0.26  U 

NA 

C2H3CL 

.0062  U 

0.26  U 

NA 

C6H6 

.0015  U 

0.26  U 

NA 

CCL4 

.007  U 

0.26  U 

NA 

CHCL3 

.00087  U 

0.26  U 

NA 

CLC6H5 

.00086  U 

0.26  U 

NA 

ETC6H5 

.0017  U 

0.26  U 

NA 

MEC6H5 

.00078  U 

0.26  U 

NA 

NAP 

.037  U 

0.26  U 

NA 

TCLEE 

.00081  U 

0.26  U 

NA 

TRCLE 

.0028  U 

0.26  U 

NA 

XYLEN 

.0015  U 

0.39  U 

NA 

BF571010 

1I1TCE 

.0044  U 

. 

0.33  U 

NA 

1IDCE 

.0039  U 

0.33  U 

NA 

12DCE 

.003  U 

0.33  U 

NA 

12DCLB 

.11  U 

0.33  U 

NA 

14DCLB 

.098  U 

0.33  U 

NA 

C2H3CL 

.0062  U 

0.33  U 

NA 

C6H6 

.0015  U 

0.33  U 

NA 

CCL4 

.007  U 

0.33  U 

NA 

CHCL3 

.00087  U 

0.33  U 

NA 

CLC6H5 

.00086  U 

0.33  U 

NA 

ETC6H5 

.0017  U 

0.33  U 

NA 

MEC6H5 

.00078  U 

0.33  U 

NA 

NAP 

.037  U 

0.33  U 

NA 

TCLEE 

.00081  U 

0.33  U 

NA 

TRCLE 

.0028  U 

0.33  U 

NA 

XYLEN 

.0015  U 

0.49  U 

NA 

BF571105 

111TCE 

.0044  U 

0.27  U 

NA 

I1DCE 

.0039  U 

0.27  U 

NA 

12DCE 

.003  U 

0.27  U 

NA 
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SUMMARY  OF  VOLATILE  SPLIT  SAMPLE  RESULTS 
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FIELD  SAMPLE 

TARGET 

ON-SITE  RESULT 

RPD 

••v  NUMBER.- 

COMPOUND 

ngte- 

12DCLB 

.6  U 

0.27  U 

NA 

1 

13DCLB 

.6  U 

0.27  U 

NA 

1 

14DCLB 

.5  U 

0.27  U 

NA 

1 

C2H3CL 

.0062  U 

0.27  U 

NA 

1 

C6H6 

.0015  U 

0.27  U 

NA 

1 

CCL4 

.007  U 

0.27  U 

NA 

1 

CHCL3 

.00087  U 

0.27  U 

NA 

1 

CLC6H5 

.00086  U 

0.27  U 

NA 

1 

ETC6H5 

.0017  U 

0.27  U 

NA 

1 

MEC6H5 

.00078  U 

0.27  U 

NA 

1 

NAP 

.2  U 

0.27  U 

NA 

1 

TCLEE 

.00081  U 

0.27  U 

NA 

1 

TRCLE 

.0028  U 

0.27  U 

NA 

1 

XYLEN 

.0015  U 

0.41  U 

NA 

1 

BF571110 

111TCE 

.0044  U 

0.31  U 

NA 

1 

11DCE 

.0039  U 

0.31  U 

NA 

1 

12DCE 

.003  U 

0.31  U 

NA 

1 

12DCLB 

.11  U 

0.31  U 

NA 

1 

13DCLB 

.13  U 

0.31  U 

NA 

1 

13DCLB 

.13  U 

0.31  U 

NA 

1  g 

14DCLB 

.098  U 

0.31  U 

NA 

l  1 

C2H3CL 

.0062  U 

0.31  U 

NA 

l 

C6H6 

.0015  U 

0.31  U 

NA 

l 

CCL4 

.007  U 

0.31  U 

NA 

1 

CHCL3 

.00087  U 

0.31  U 

NA 

1 

CLC6H5 

.00086  U 

0.31  U 

NA 

l 

ETC6H5 

.0017  U 

0.31  U 

NA 

l 

w 

0.31  U 

0 

l 

NAP 

.037  U 

0.31  U 

NA 

l 

TCLEE 

.00081  U 

0.31  U 

NA 

l 

TRCLE 

.0028  U 

0.31  U 

NA 

1 

XYLEN 

.0015  U 

0.62  U 

NA 

1 

EF572810 

111TCE 

.0044  U 

0.31  U. 

NA 

l 

11DCE 

.0039  U 

0.31  U 

NA 

l 

12DCE 

0.31  U 

NA 

1 

C2H3CL 

.0062  U 

0.31  U 

NA 

1 

C6H6 

.0015  U 

0.31  U 

NA 

1 

CCL4 

0.31  U 

NA 

l 

CHCL3 

.00087  U 

0.31  U 

NA 

1 

CLC6H5 

.00086  U 

0.31  U 

NA 

l 

ETC6H5 

0,31  i 

0 

1 

.00078  U 

0.31  U 

NA 

l 

TCLEE 

WMmmmmmmmm 

0,31 1 

0 

l 

TRCLE 

.0028  U 

0.31  U 

NA 

i  | 

m 

0.62  0 

0 

i  ■ 

EF572911 

111TCE 

.0044  U 

0.31  U 

NA 

i 
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SUMMARY  OF  VOLATILE  SPLIT  SAMPLE  RESULTS 
1996  FIELD  PROGRAM 
FORT  DEVENS,  MASSACHUSETTS 


NOTES: 

NA=  not  applicable 
J  =  estimated  result 
U  =  non-detect 
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PROJECT  OPERATION  PLAN  ADDENDUM 
1996  FIELD  SCREENING  METHODOLOGY 
TARGET  VOLATILE  ORGANIC  COMPOUNDS(VOCS) 
ESTIMATION  OF  TOTAL  VOLATILE  PETROLEUM  HYDROCARBON S(TVPH) 
AND  TOTAL  EXTRACTABLE  PETROLEUM  HYDROCARBONS(TEPH) 


1.0  Introduction 

Field  screening  procedures  for  Fort  Devens  remedial  investigations  are  described  in  Section  4.6 
of  the  Fort  Devens  Project  Operation  Plan  (POP)  (ABB-ES,  1995).  Modifications  to  some  of 
these  field  screening  procedures  have  been  made  for  the  1996  field  investigations.  The  purpose 
of  this  addendum  is  to  outline  modifications  to  field  screening  procedures  that  will  be 
incorporated  into  the  1996  field  program.  Field  screening  gas  chromatography  (GC) 
procedures  have  been  developed  to  provide  on-site  results  for  target  volatile  organics  (VOCs) 
and  estimates  of  total  volatile  petroleum  hydrocarbons  (TVPH)  and  extractable  petroleum 
hydrocarbons  (TEPH).  The  TVPH  and  TEPH  measurements  will  provide  an  estimate  of  total 
hydrocarbons  present  in  each  fraction  that  are  comparable  to  results  generated  using  analytical 
methods  developed  by  the  Massachusetts  Department  of  Environmental  Protection  (MADEP), 
however,  TVPH  and  TEPH  will  be  reported  as  a  total  concentration  and  not  broken  down  into 
aliphatic  and  aromatic  fractions  as  outlined  in  the  MADEP  methodology  (MADEP,  1995). 
The  purpose  of  the  field  analyses  is  to  provide  quick  turnaround  of  analytical  results  for  real 
time  decision  making  during  the  field  investigation. 

A  summary  of  the  field  methodologies  instrumentation,  sample  preparation,  instrument 
calibration,  target  compounds  and  detection  limits,  sample  quantitation,  and  analytical  quality 
control  analyses  are  presented  below. 


2.0  Field  Instrumentation  and  Analytical  Methods 

Investigations  at  AOC  50  are  driven  by  the  potential  presence  of  fuel  hydrocarbons  including 
benzene,  toluene,  ethylbenzene,  and  xylene  (BTEX),  and  solvents  including  tetrachloroethene 
(PCE)  and  the  de-chlorination  degradation  products  trichloroethene  (TCE),  cis-1,2- 
dichloroethene,  trans-l,2-dichloroethene,  and  vinyl  chloride  in  groundwater.  Groundwater 
samples  collected  at  AOC  50  will  be  analyzed  using  purge  and  trap  Method  5030A  and 
modified  USEPA  Method  8021 A  and  modified  USEPA  Method  8015A  (USEPA,  1995).  As 
outlined  in  Method  8021A,  BTEX  compounds  will  be  identified  and  quantified  with  a 
photoionization  detector  (PID)  and  the  chlorinated  solvents  will  be  identified  and  quantified 
using  an  electrolytic  conductivity  detector  (ELCD).  As  outlined  in  Method  8015,  TVPH  will 
be  quantified  using  a  Flame  ionization  detector  (FID).  Target  compounds  and  reporting  limits 
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for  AOC  50  groundwater  samples  are  summarized  in  Table  1.  For  target  compound  analyses, 
analytical  procedures  for  instrument  calibration,  sample  identification,  quality  control  blank 
analyses,  and  sample  preparation  will  be  consistent  with  those  outlined  in  the  POP.  TVPH 
procedures  are  described  below  in  Subsection  2.2. 

Investigations  at  AOCs  61Z  and  63BD  are  driven  by  the  potential  presence  of  fuel 
hydrocarbons  as  a  result  of  fuel  oil  and  waste  oil  products  releases  to  soil.  Soil  samples 
collected  at  AOCs  61Z  and  63BD  will  be  analyzed  for  TVPH  and  TEPH  using  modified 
USEPA  Method  8015 A  for  TVPH  and  TEPH.  Soil  samples  analyzed  for  TVPH  will  be 
prepared  using  a  methanol  extraction  as  outlined  in  USEPA  Method  5030A  and  the  POP. 
Methanol  extracts  will  be  analyzed  using  purge  and  trap  GC/FID  for  the  TVPH.  Soil  samples 
analyzed  for  TEPH  will  be  prepared  using  a  methylene  chloride  micro-extraction  technique  and 
direct  injection  by  GC/FID.  A  summary  of  target  compounds  and  reporting  limits  for  the  soil 
analyses  is  presented  in  Table  1. 

Laboratory  techniques  used  for  sample  preparation  for  the  TEPH  method,  and  calibration  and 
sample  quantitation  procedures  for  the  TVPH  and  TEPH  methods  are  outlined  in  the  following 
sections. 

2.1  TEPH  Sample  Preparation: 

Sample  analysis  and  preparation  techniques  have  been  adapted  from  protocols  outlined  in 
SW-846  3rd  ed.  USEPA  Methods  3550A  (USEPA  1995). 

Soil  Samples.  Weigh  2  grams  (±  0.1  g)  wet  soil  into  a  12  ml  screw  cap  test  tube.  Spike  the 
sample  mixture  with  appropriate  concentration  of  surrogate  solution.  For  MS/MSD  samples 
the  appropriate  aliquot  of  spike  solution  is  added  to  the  sample.  Add  approximately  2  grams  of 
anhydrous  sodium  sulfate,  Na2SC>4  (a  drying  agent)  to  the  sample.  With  a  Teflon  spatula 
thoroughly  mix  the  sample  and  sodium  sulfate  (break  the  sample  up  to  form  a  uniform  free 
flowing  mixture).  Add  10  mL  of  methylene  chloride  to  the  sample. 

Shake  or  vortex  vigorously  for  3  minutes  to  mix  and  extract  the  sample.  The  field  chemist  will 
pay  close  attention  to  the  sample  extraction  to  ensure  that  the  soil  and  solvent  are  actively 
mixing  during  the  3  minute  extraction.  Allow  the  sample  to  stand  and  separate  or  centrifuge 
the  sample  to  separate  the  solvent  phase.  Withdraw  a  the  extract  solvent  and  transfer  the 
sample  extract  to  a  sample  vial  and  cap,  sample  in  now  ready  for  analysis. 

Dilutions.  If  high  concentrations  of  fuels  are  suspected,  then  samples  should  be  analyzed  prior 
to  concentration,  otherwise  the  extract  can  be  diluted  with  methylene  chloride  to  bring  the 
target  compound  concentrations  within  the  instrument  calibration  range.  To  dilute  the  sample, 
remove  a  measured  quantity  of  extract  and  add  to  an  appropriate  volume  of  extraction  solvent. 
The  results  of  diluted  samples  will  be  adjusted  for  by  the  dilution  factor. 
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2.2  TVPH  and  TEPH  Instrument  Calibration 


Initial  and  continuing  calibration  will  be  established  for  TVPH  and  TEPH.  A  commercial 
gasoline  standard  will  be  used  for  TVPH  calibration.  A  commercial  Fuel  Oil  #2  or  diesel 
standard  will  be  used  for  TEPH  calibration.  The  retention  time  markers  identified  in  the 
MADEP  methods  to  determine  the  retention  times  of  the  TVPH  and  TEPH  determination  will 
be  used  to  define  the  hydrocarbon  molecular  weight  range  of  the  TVPH  and  TEPH  analyses. 
The  hydrocarbon  range  quantified  in  the  TVPH  analysis  will  extend  from  0.1  minutes  before 
the  marker  compound  pentane  to  0. 1  minute  after  naphthalene.  The  TEPH  hydrocarbon  range 
quantified  will  extend  from  0. 1  minute  before  naphthalene  to  0. 1  minute  after  hexatriacontane. 
The  concentration  of  hydrocarbons  in  standards  and  samples  will  be  determined  based  on  the 
total  baseline  to  baseline  area  response  of  the  standards  within  the  designated  retention  time 
widows.  A  three  point  initial  calibration  and  continuing  calibration  will  be  conducted  as 
outlined  in  the  POP.  The  concentrations  of  TVPH  and  TEPH  will  be  added  together  to 
determine  the  total  concentration  of  petroleum  hydrocarbons  present  at  a  given  sample 
location. 


3.0  Quality  Control: 

Quality  control  steps  outlined  below  will  be  conducted  during  the  field  analyses  including  an 

MDL  study  for  target  compounds,  initial  and  continuing  calibrations,  method  blank  extraction 

and  analysis  with  each  sample  batch,  matrix  spikes  and  field  duplicate  sample  analyses,  and 

evaluation  of  accuracy  using  a  surrogate  standard. 

•  holding  times:  Soil:  14  days 

Water:  7  days 

•  Surrogate  %R  goal  of  5  0%  (<3  0%  re-analysis  limit) 

•  MDL  study  ( Appendix  B  part  136,  CFR  40) 

•  Initial  calibration  by  linear  regression  (.95)  or  average  response  factor  (RSD  25%)  with 
low  standard  at  or  near  reporting  limit 

•  Continuing  calibration  each  day  and  after  20  samples  (30%  difference) 

•  Extraction  blank  (method  blank)  with  each  extraction  batch  prepared  or  daily  with  each 
purge  and  trap  analytical  sequence 

•  Matrix  spike/Matrix  spike  duplicates  will  be  prepared  by  spiking  5  percent  of  samples 
with  target  compounds,  a  commercial  gasoline  standard,  or  a  commercial  diesel  fuel 
standard,  as  appropriate  for  each  analysis,  at  approximately  the  mid-range  of  the 
calibration  curve.  Percent  recoveries  (%R)  and  relative  percent  difference  (RPD)  will 
be  used  to  evaluate  the  accuracy  and  precision  of  measurements  and  to  qualify  results. 
Percent  recovery  goals:  60%  to  140%;  RPD  <  20 

•  Field  duplicates  will  be  submitted  to  the  field  laboratory  routinely  during  the  program. 
Relative  percent  difference  of  the  duplicate  results  will  be  used  to  evaluate  the  precision 
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of  field  measurements  and  qualify  results.  RPD  goals  are  30%  for  aqueous  samples 
and  50%  for  soil  samples. 


4.0  Data  Review  and  Reporting: 

The  field  chemist  will  review  results  based  on  project  data  quality  control  goal  outlined  above. 

Sample  results  not  meeting  data  quality  control  goals  will  be  qualified  as  outlined  below: 

Qualification  flags  for  data  evaluation 

(J)  The  J  flag  is  used  to  indicate  estimated  data.  This  can  occur  when  a  compound 
does  not  meet  calibration  criteria  for  initial  calibration,  continuing  calibration, 
or  both. 

(B)  The  B  flag  is  used  when  a  target  compound  is  detected  in  an  associated  method 
blank.  All  values  within  five  times  of  the  method  blank  result  are  flagged. 

(E)  The  E  flag  is  used  to  indicate  estimated  data.  The  flag  is  used  when  a 
compound  is  detected  at  a  concentration  that  is  above  the  highest  calibration 
standard. 

(S)  The  S  flag  is  used  when  the  associated  surrogate  recovery  is  less  than  50%. 
For  soils  the  surrogate  recovery  must  be  greater  than  50  percent  for  results  to 
go  unqualified,  however,  re-analysis  will  only  occur  if  recoveries  are  less  than 
30%. 


Matrix  spike  and  field  duplicate  results  will  be  tabulated  and  summarized  on  an  ongoing  basis 
during  the  field  program.  Results  will  be  used  by  the  field  chemist,  FOL,  and  project  manager 
on  an  ongoing  basis  to  evaluate  the  usability  of  results.  Associated  field  sample  results 
presented  in  the  final  data  reports  may  be  qualified  based  on  the  judgment  of  the  field  and 
project  chemist. 
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ATTACHMENT  D-l 
TABLE  1 

SUMMARY  OF  TARGET  COMPOUNDS  AND  REPORTING  LIMITS 
1996  FIELD  SCREENING  PROGRAM 
FORT  DEVENS  REMEDIAL  INVESTIGATION 


Target  Analyte 

ScULpG/G 

Water  mg/L 

Benzene 

0.25 

2 

Toluene 

0.25 

2 

Ethylbenzene 

0.25 

4 

m/p-xylene 

0.5 

2- 

o-xylene 

0.25 

2 

Tetrachloroethene 

0.25 

2 

Trichloroethene 

0.25 

2 

cis-l,2-dichloroethene 

0.25 

2 

trans-l,2-dichloroethene 

0.25 

2 

Vinyl  chloride 

0.25 

2 

1,2-dichlorobenzene* 

0.25 

2 

1,3-dichlorobenzene* 

0.25 

2 

1,4-dichlorobenzene* 

0.25 

2 

Naphthalene* 

0.25 

2 

TVPH 

6.25 

50 

TEPH 

100 

NA 

TPH-IR 

50 

NA 

Notes: 

NA = soil  not  analyzed 
(ig/g  =  microgram  per  gram 
pgL  =  microgram  per  liter 


*  Added  to  target  list  part  way  through  field  program 
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APPENDIX  D-3 


1996  OFF-SITE  LABORATORY  DATA 


Harding  Lawson  Associates 


C:\FDRITABL\57\APPCOVER 


9144-03 


APPENDIX  D 


D.1.0  INTRODUCTION 


This  Data  Quality  Report  (DQR)  provides  a  detailed  data  quality  assessment  for 
off-site  analytical  data  generated  during  site  investigations  conducted  at  Fort 
Devens  during  the  fall  of  1996  at  Areas  of  Concern  (AOCs)  57  and  69W. 

Samples  collected  during  the  investigation  were  submitted  to  Environmental 
Science  and  Engineering  (ESE),  Gainseville,  Florida.  All  laboratory  data 
generated  during  the  sampling  programs  were  reviewed  in  terms  of  Data  Quality 
Objectives  (DQOs)  established  in  the  Fort  Devens  Project  Operations  Plan  (POP) 
(ABB-ES,  1995),  published  analytical  methods  (USEPA,  1990;  USEPA  1994)  or 
applicable  USEPA  data  validation  guidelines  (USEPA,  1988;  USEPA  1989). 
DQOs  refer  to  a  set  of  qualitative  and  quantitative  statements  that  assess  the  data 
generated  during  the  sampling  and  analysis  phases  of  the  project.  The  DQOS  are 
defined  by  the  parameters  of  precision,  accuracy,  representativeness, 
completeness,  and  comparability  (PARCC).  These  parameters  present  an 
indication  of  the  data  quality,  and  the  confidence  that  a  particular  compound  may 
be  present  or  absent  in  an  associated  environmental  sample.  This  report 
describes  the  analytical  methods  performed  at  the  on-site  and  off-site  laboratories, 
and  presents  an  assessment  of  data  quality  and  usability  for  samples  collected 
during  the  fall  1996  field  investigation. 


D.1.1  OFF-SITE  LABORATORY  ANALYTICAL  METHODS 

Subsurface  soil  and  groundwater  samples  were  collected  during  the  1996  Fort 
Devens  Site  Investigation.  Samples  were  analyzed  for  chemical  parameters  on  the 
Fort  Devens  Project  Analyte  List  (PAL).  The  analytical  methodologies  performed 
include  PAL  inorganics,  PAL  volatile  organic  compounds  (VOCs),  PAL 
semivolatile  organic  compounds  (SVOCs),  PAL  pesticides  and  polychlorinated 
biphenyls  (PCBs).  In  addition  samples  were  analyzed  for  total  petroleum 
hydrocarbons  (TPHC),  and  several  water  quality  parameters  including  hardness, 
nitrate  and  nitrite-nitrogen,  kjeldahl-nitrogen,  total  phosphate,  total  organic 
carbon  (TOC),  total  dissolved  solids  (TDS)  and  total  suspended  solids  (TSS).  The 
analyses  performed  are  summarized  on  Table  D-l. 
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The  USEPA  has  identified  two  general  levels  of  analytical  data  quality,  Screening 
with  Definitive  Confirmation  and  Definitive  Data  (USEPA  1993).  All  off-site 
laboratory  data  are  considered  Definitive  Data. 

The  contract  laboratory  which  completed  analyses  of  all  off-site  analytical  samples 
was  Environmental  Science  and  Engineering  (ESE),  Gainesville,  Florida. 

Analyses  were  completed  implementing  the  1990  U.S.  Army  Toxic  and  Hazardous 
Materials  Agency  (USATHAMA)  QA  Program  (USATHAMA  1990).  Method 
performance  demonstration,  data  management,  and  oversight  for  USATHAMA 
analytical  procedures  are  currently  performed  by  the  U.S.  Army  Environmental 
Center  (USAEC).  A  discussion  of  AEC-certified  methods  used  by  ESE 
Laboratories  for  samples  collected  at  Fort  Devens  is  provided  in  Section  7.0  of 
the  Fort  Devens  POP  (ABB-ES,  1995),  and  methods  are  listed  in  Table  D-l.  This 
table  includes  a  description  of  the  methods  used  as  well  equivalent  EPA  methods, 
where  they  exist.  The  USAEC  method  numbers  (i.e.,  method  JS16)  are  specific 
to  the  project  and  to  the  particular  laboratory  performing  the  analyses.  For  some 
analyses  standard  USEPA  methods  are  used.  The  methods  are  also  indicated  in 
Table  D-l. 

A  detailed  discussion  of  the  USAEC  laboratory  QA  program  is  presented  in 
Section  3.0  of  this  RI.  The  laboratory  must  document  proficiency  using  each  of 
the  methods  by  meeting  strict  USAEC  performance  protocols.  Once  the 
laboratory  has  demonstrated  this  proficiency,  they  become  certified  to  perform 
that  particular  method.  It  is  through  this  certification  process  that  certified 
reporting  limits  (CRLs)  are  established.  CRLs  for  USAEC  methods  and 
reporting  limits  (RLs)  for  standard  USEPA  methods  are  presented  in  Table  D-l 
and  in  Appendix  B  of  the  Fort  Devens  POP  (ABB-ES,  1995). 

Samples  collected  from  AOC  612  and  69W  were  also  analyzed  for  petroleum 
hydrocarbon  analysis  using  methods  developed  by  the  Massachusetts  Department 
of  Environmental  Protection  (MADEP,  1995a;  MADEP,  1995b)  for  volatile 
petroleum  hydrocarbons  (VPH)  and  Extractable  Petroleum  Hydrocarbons  (EPH). 
Results  of  these  analyses  were  used  to  provide  more  detail  on  the  chemical 
composition  of  hydrocarbons  present.  Analyses  were  performed  by  Groundwater 
Analytical,  Inc.,  Buzzards  Bay.  A  summary  of  the  data  quality  review  of  VPH  and 
EPH  results  is  presented  in  Attachment  D-l. 
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D.2.0  OFF-SITE  LABORATORY  QUALITY  CONTROL  BLANK  RESULTS 


A  review  was  completed  on  QC  blanks  including  method  blanks,  rinse  blanks  and 
trip  blanks  analyzed  at  the  off-site  laboratory.  Blank  samples  provide  a  measure 
of  contamination  that  may  have  been  introduced  into  a  sample  set  either  (1)  in 
the  field  while  samples  were  being  collected  or  transported  to  the  laboratory,  or 
(2)  in  the  laboratory  during  sample  preparation  and  analysis.  This  discussion  is 
intended  to  provide  an  evaluation  of  data  generated  at  this  laboratory  based  on 
method  blank  and  field  quality  control  data. 

D.2.1  METHOD  BLANKS 

Method  blanks  were  analyzed  at  the  laboratory  with  each  lot  of  samples  to 
evaluate  if  sample  processing  and  analysis  resulted  in  sample  contamination. 
Method  blanks  were  performed  for  both  water  and  soil  samples  for  the  following 
chemical  classes:  inorganics,  VOCs,  SVOCs,  pesticides/PCBs.  Method  blanks 
were  also  analyzed  using  USEPA  methods  for  hardness,  TOC,  TPHC,  TDS,  and 
TSS.  All  method  blank  data  from  the  AOC  57  and  69W  Fort  Devens  Site 
Investigation  conducted  in  the  fall  of  1996  are  presented  in  Table  D-2. 

D.2.1.1  Inorganics 

Seven  aqueous  method  blanks  (one  for  each  IRDMIS  inorganic  method)  were 
analyzed  by  the  laboratory  for  PAL  inorganics  during  the  1996  Field  Investigation. 
All  results  for  aqueous  method  blanks  were  below  the  respective  CRLs  indicating 
there  was  no  inorganic  contamination  introduced  at  the  laboratory. 

One  soil  method  blank,  representing  one  for  each  IRDMIS  inorganic  method,  was 
analyzed  in  association  with  field  samples  from  the  1996  Fort  Devens 
Investigation.  Several  elements  were  detected  in  soil  method  blanks.  The 
frequency  and  concentration  ranges  of  elements  detected  in  these  blanks  are 
summarized  in  Table  D-3.  Results  for  mercury,  selenium,  arsenic  thallium, 
antimony,  silver,  beryllium,  cadmium,  chromium,  cobalt,  sodium,  molybdenum, 
nickel,  vanadium,  and  zinc  were  below  the  CRLs. 

Soil  method  blank  analyses  were,  conducted  using  a  USAEC  approved  soil  as  the 
matrix.  The  concentrations  of  the  detected  inorganics  are  due  to  background 
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levels  inherent  in  this  soil.  As  a  result,  elements  reported  for  soil  method  blanks 
are  not  interpreted  to  represent  laboratory  introduced  contamination. 

Based  on  soil  and  aqueous  method  blank  results,  significant  inorganic 
contamination  was  not  introduced  during  laboratory  handling  and  analysis. 

D .2.1.2  VOCs 

Method  blanks  were  run  with  each  lot  of  water  and  soil  samples  to  determine  if 
VOCs  were  introduced  during  laboratory  handling  and  analysis.  Three  aqueous 
method  blanks  were  analyzed  during  the  1996  Field  Investigation.  All  aqueous 
results  for  target  VOCs  were  below  CRLs.  Three  soil  method  blanks  were 
analyzed  for  VOCs  during  the  1996  Field  Investigation.  All  method  blank  results 
were  at  concentrations  below  the  CRLs  with  the  exception  of  acetone,  methylene 
chloride,  and  trifluorochloromethane.  The  concentration  and  frequency  of 
detection  for  these  compounds  are  shown  in  Table  D-4. 

Acetone,  methylene  chloride,  and  trichlorofluoromethane,  a  tentatively  identified 
compound  (TIC),  are  considered  common  laboratory  contaminants  (USEPA, 
1988)  and  were  likely  introduced  during  laboratory  handling.  These  results 
indicate  that  low  concentrations  of  acetone,  methylene  chloride,  and 
triflorochloromethane  may  have  been  introduced  during  laboratory  handling. 
Field  samples  with  similar  concentrations  of  these  compounds  may  not  be 
representative  of  site  conditions. 

D .2.1.3  SVOCs 

Two  aqueous  method  blanks  were  analyzed  for  SVOC  contamination  during  the 
1996  Field  Investigation.  All  method  blank  results  were  at  concentrations  below 
the  CRLs. 

Three  method  blanks  for  soil  were  analyzed  for  SVOC  contamination  during  the 
1996  Field  Investigation.  The  concentrations  and  frequency  for  compounds 
detected  in  soil  method  blanks  are  outlined  in  Table  D-5.  All  target  SVOC 
results  for  soil  method  blanks  were  at  concentrations  below  CRLs.  Dioctyl 
adipate  (hexanedoic  acid  dioctyl  ester)  and  heptacosane,  which  are  non-target 
SVOCs  or  TICs,  were  detected  in  soil  method  blanks. 
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D .2.1.4  Pesticide/PCB 

Two  aqueous  method  blanks  and  two  soil  method  blanks  were  used  to  determine 
if  pesticides  and  PCB  compounds  were  introduced  during  laboratory  preparation 
and  handling.  All  PCB  method  blank  results  were  at  concentrations  below  CRL 
values  indicating  no  sample  contamination  occurred.  The  pesticide  malathion  was 
detected  in  water  method  blanks  and  the  pesticides  alpha-chlordane  and  gamma- 
chlordane  were  detected  in  soil  method  blanks.  The  concentration  and  frequency 
of  detection  of  these  pesticides  in  water  and  soil  method  blanks  are  shown  in 
Tables  D-6  and  D-7,  respectively.  Samples  with  similar  concentrations  of  these 
compounds  in  the  media  in  which  they  were  detected  may  not  be  representative 
of  site  conditions. 

D .2.1.5  TPHC 

Several  analytical  methods  were  used  to  measure  and  characterize  petroleum 
hydrocarbons.  During  the  1996  Field  Investigation,  two  water  method  blanks 
were  analyzed  for  total  petroleum  hydrocarbons  (TPHC)  by  USEPA  Method 
418.1;  two  soil  method  blanks  were  analyzed  for  TPHC  as  diesel,  gasoline  and 
aviation  gasoline  by  USEPA  Method  8015;  and  three  soil  method  blanks  were 
analyzed  for  TPHC  using  USEPA  Method  9071.  All  method  blank  results  from 
the  1996  Field  Investigation  were  below  the  corresponding  CRLs.  Based  on 
method  blank  results,  the  off-site  laboratory  is  not  a  significant  source  of  TPHC 
contamination  for  the  Fort  Devens  field  samples. 

D.2.1.6  USEPA  Methods  for  Water  Quality  Parameters 

Method  blanks  were  analyzed  in  association  with  USEPA  methods  for  the 
following  water  quality  parameters:  nitrate  and  nitrite-nitrogen,  kjeldahl-nitrogen, 
total  phosphate,  hardness,  TOC,  TDS,  and  TSS.  No  positive  detections  above 
RLs  were  reported  in  any  of  the  above  methods. 

Based  on  method  blanks  results  for  samples  analyzed  by  USEPA  methods,  the 
data  collected  during  the  Fort  Devens  Site  Investigation  was  not  impacted  by 
laboratory  contamination. 
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D.2.2  FIELD  QUALITY  CONTROL  BLANKS 

Field  quality  control  samples  which  were  analyzed  at  the  off-site  laboratory 
include,  rinse  blanks,  and  trip  blanks.  Results  from  analyses  of  the  field  quality 
control  blanks  were  used  to  evaluate  the  potential  for  contamination  of  samples 
during  collection,  and  shipment  and  processing  at  the  off-site  laboratory. 

D.2.2.1  Rinse  Blanks 

Rinse  blanks  were  used  to  evaluate  the  potential  for  field  sampling  contamination 
of  site  samples.  Rinse  blanks  were  collected  by  pouring  deionized  water  over 
sampling  equipment  and  into  sample  containers.  The  rinse  blanks  collected 
during  the  1996  Fort  Devens  Investigation  were  analyzed  for  the  following 
chemical  classes:  PAL  inorganics,  SVOCs,  and  PCBs.  Rinse  blanks  were  also 
analyzed  by  USEPA  methods  for  TOC  and  TPHC.  All  rinse  blank  data  collected 
during  the  1996  investigation  have  been  tabulated  and  are  presented  in  Table  D-8. 

Inorganics.  One  rinse  blank  was  analyzed  for  a  subset  of  PAL  elements  analyzed 
by  graphite  furnace  (mercury,  thallium,  lead,  selenium,  arsenic,  and  antimony) 
during  the  1996  Field  Investigation.  These  elements  were  not  detected  at 
concentrations  above  the  CRLs.  Rinse  blank  data  for  PAL  elements  analyzed  by 
ICP  were  not  reported.  In  general,  the  rinse  blank  data  indicate  that 
decontamination  procedures  were  effective  in  the  removal  of  residual  inorganic 
contamination  from  the  sampling  equipment. 

SVOCs.  One  rinse  blank  was  collected  during  the  1996  Field  Investigation  and 
analyzed  for  SVOC  contamination.  With  the  exception  of  bis(2-ethylhexyl) 
phthalate  detected  at  i2  fi g/L,  all  results  for  target  SVOCs  were  at  concentrations 
below  CRLs.  The  USEPA  Region  I  considers  phthalates  as  common  laboratory 
contaminants  (USEPA,  1988),  however,  phthalates  were  not  detected  in  the 
method  blanks  collected  during  this  investigation.  The  presence  of  phthalates  in 
rinse  blanks  may  be  attributed  to  sampling  activities.  Detection  of  bis(2- 
ethylhexyl)phthalate  in  Fort  Devens  field  samples  at  concentrations  similar  to 
those  detected  in  rinse  blanks  may  be  related  to  field  sampling  or 
decontamination  procedures. 

Pesticides /PCBs.  One  rinse  blank  was  analyzed  for  PCBs  during  the  1996  Field 
Investigation.  All  results  reported  for  PCBs  in  rinse  blanks  were  below  CRLs. 
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The  lack  of  PCBs  detected  in  rinse  blanks  indicates  there  is  no  evidence  of  cross 
contamination  during  field  sampling.  Rinse  blank  samples  were  not  submitted  for 
pesticide  analysis  during  this  investigation. 

USEPA  Methods.  During  the  1996  Field  Investigation,  one  rinse  blank  was 
analyzed  for  TOC  and  all  results  were  at  concentrations  below  the  reporting  limit 
of  1000  /xg/L.  Six  rinse  blanks  were  analyzed  for  TPHC.  Concentrations  of 
TPHC  in  the  rinse  blank  was  below  the  reporting  limit  of  181  fig/L,  as  well  as 
TPH  as  gasoline  and  diesel  (reporting  limit  of  340  /xg/L).  These  data  indicate 
contamination  of  TOC  and  TPHC  during  field  sampling  did  not  occur. 

D.2.2.2  Trip  Blanks 

Trip  blanks  are  analyzed  to  assess  the  potential  for  cross  contamination  of  VOCs 
during  sampling,  transit,  and  storage.  The  trip  blank  consists  of  a  VOA  sample 
container  filled  at  the  contract  laboratory  with  Di/carbon  filtered  water  and 
shipped  to  the  site  with  the  other  VOA  sample  containers.  Trip  blanks  were 
included  with  each  shipping  container  of  field  VOC  samples.  No  VOCs  were 
detected  in  three  trip  blanks  indicating  cross  contamination  of  VOCs  during 
shipment  or  handling  did  not  occur.  Trip  blank  data  collected  during  the  1996 
investigation  are  presented  in  Table  D-9. 
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D.3.0  ACCURACY  OF  OFF-SITE  LABORATORY  DATA 


Accuracy  is  a  quantitative  parameter  that  determines  the  nearness  of  a  result  to 
its  true  value.  Accuracy  measures  the  bias  in  a  measurement  system.  The 
accuracy  of  each  analytical  method  was  evaluated  based  on  percent  recoveries  for 
matrix  spikes  and/or  surrogate  standards. 

A  matrix  spike  is  a  sample  of  a  particular  matrix  to  which  predetermined 
quantities  of  standard  solutions  of  certain  target  analytes  were  added  prior  to 
sample  extraction/digestion  and  analysis.  Samples  were  spilt  into  replicates,  one 
replicate  was  spiked  and  both  aliquots  were  analyzed. 

Accuracy  was  also  evaluated  using  the  recovery  of  surrogate  standards  in  the 
volatile  and  semivolatile  analyses,  and  for  pesticides  and  PCBs.  Surrogate 
standards  are  organic  compounds  which  are  similar  to  the  analytes  of  interest  in 
chemical  composition,  extraction,  and  chromatography,  but  which  are  not  normally 
found  in  environmental  samples.  These  compounds  are  spiked  into  all  samples 
prior  to  analysis. 

Percent  recovery  of  matrix  spikes  and  surrogate  spikes  provide  an  indication  of 
data  accuracy  and  potential  data  bias  from  matrix  related  effects.  Percent 
recovery  was  calculated  using  the  equation  shown  in  Section  3.3  of  the  Fort 
Devens  POP  (ABB-ES,  1995). 


D.3.1  MATRIX  SPIKES 

Soil  and  groundwater  samples  were  used  for  matrix  spike  and  matrix  spike 
duplicate  analyses.  Spiked  samples  were  analyzed  for  hardness,  nitrate  and 
nitrite-nitrogen,  kjeldahl-nitrogen,  total  phosphate,  TPHC,  TOC,  PAL  inorganics, 
and  PAL  pesticide/PCBs.  Matrix  spike  and  matrix  spike  duplicate  (MS/MSD) 
samples  were  collected  at  a  rate  of  one  per  twenty  environmental  samples.  A 
summary  of  all  MS/MSD  data  collected  during  the  Fort  Devens  Site 
Investigations  are  presented  in  Table  D-10. 

The  spike  data  for  samples  of  a  specific  matrix  and  analytical  method  were 
evaluated  together,  and  are  discussed  below  as  one  data  set.  The  data  have  been 
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segregated  by  method  and  by  analytical  parameter  to  show  recovery  trends  of  the 
individual  spiked  analytes.  In  the  tables,  matrix  spikes  have  been  paired  with  the 
corresponding  matrix  spike  duplicates  to  make  recovery  and  RPD  comparisons. 
The  average  recoveries,  and  maximum  and  minimum  recoveries  for  groundwater 
samples  and  soil  are  presented  to  measure  trends  for  each  particular  method. 

The  criteria  used  for  interpreting  MS/MSD  data  are  taken  from  analytical 
USEPA  CLP  protocols  (USEPA,  1990;  USEPA,  1994)  and  the  Fort  Devens 
Project  Operations  Plan  (ABB-ES,  1995). 

D.3.1.1  Inorganics 

Matrix  spike  analysis  was  completed  all  PAL  elements.  The  USEPA  CLP 
guidelines  specify  control  limits  for  recoveries  of  inorganic  MS/MSDs  of  75%  and 
125%  (USEPA,  1990).  The  majority  of  PAL  elements  had  recoveries  within  the 
USEPA  control  limits.  A  subset  set  of  elements  had  recoveries  outside  these 
limits.  Elements  with  at  least  one  MS/MSD  recovery  outside  USEPA  CLP  limits 
are  presented  in  Table  D-ll. 

Groundwater.  The  following  groundwater  samples  from  AOC  57  were  spiked 
with  target  elements:  MX5703X3  and  MX5710X1.  All  elements  had  recoveries 
within  the  USEPA  CLP  limits  indicating  that  groundwater  data  for  inorganics  was 
not  significantly  influenced  by  matrix  effects. 

Soil.  One  soil  MS/MSD  sample  from  AOC  57  (BX570905)  was  analyzed  for  PAL 
inorganics.  For  the  elements  aluminum  and  iron,  all  matrix  spike  concentrations 
were  low  relative  to  concentrations  already  present  in  the  sample.  For  example, 
the  spike  concentration  for  aluminum  was  approximately  230  ng/g  compared  with 
the  sample  concentration  of  5610  ng/g.  The  spike  concentration  for  iron  was 
approximately  1,200  ng/g  while  the  sample  concentration  was  6410  \igjg.  The 
USEPA  Region  I  Data  Validation  Guidelines  (USEPA,  1989)  specify  spike 
concentrations  be  greater  than  four  times  the  sample  concentration  for  data 
qualification  actions  to  apply.  Since  the  spike  concentrations  for  aluminum  and 
iron  were  insignificant  relative  to  sample  concentrations,  matrix  spike  recoveries 
could  not  be  accurately  assessed.  Based  on  these  results,  results  for  aluminum 
and  iron  in  soil  are  not  qualified  in  this  RI. 

For  the  elements  mercury,  arsenic,  and  manganese  the  MS/MSD  recoveries  were 
below  the  acceptable  USEPA  CLP  recovery  ranges.  The  frequency  at  which  the 
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MS/MSD  recoveries  were  outside  the  USEPA  CLP  limits,  and  the  corresponding 
recovery  ranges  are  shown  in  Table  D-ll.  The  outlier  recoveries  ranged  from 
52.7%  to  74.7%.  Outlier  recoveries  may  have  been  obtained  as  the  result  of  non- 
homogeneous  concentrations  throughout  the  sample  matrices  or  from  matrix 
interference.  Overall,  usable  results  were  obtained  for  all  PAL  inorganics.  The 
MS/MSD  data  for  soil  suggests  that  there  may  be  some  matrix  interference  in  soil 
samples  with  detected  concentrations  of  mercury,  arsenic,  and  manganese. 

Results  for  mercury,  arsenic,  and  manganese  in  soil  samples  should  be  considered 
estimated  and  may  be  biased  low. 

D.3.1.2  Pesticides/PCBs 

Pesticide  and  PCB  compounds  were  spiked  into  groundwater  samples  to  evaluate 
method  accuracy.  Ten  target  pesticide  and  two  PCB  compounds  were  used  for 
spiking  including  endosulfan  I,  endosulfan  II,  aldrin,  dieldrin,  endrin,  heptachlor, 
isodrin,  lindane,  methoxychlor,  4,4’-DDT,  aroclor  1016,  and  aroclor  1260.  Percent 
recoveries  for  pesticides  were  compared  to  the  USEPA  CLP  control  limits 
(USEPA,  1994)  to  determine  if  results  were  acceptable.  The  USEPA  CLP 
guidelines  do  not  specify  limits  for  spike  recoveries  of  endosulfan  I,  endosulfan  II, 
isodrin,  methoxychlor,  and  PCBs.  For  these  compounds,  the  surrogate  recovery 
control  limits  of  30%  to  150%  specified  in  the  USEPA  CLP  Guidelines  (USEPA 
1994)  were  used  as  guidance  in  evaluating  spike  recoveries. 

Groundwater.  One  groundwater  sample  from  AOC  57  (MX5703X3)  was  spiked 
with  target  pesticides  and  PCBs.  The  spike  recoveries  of  pesticides  and  PCBs 
were  within  USEPA  limits  with  the  exception  of  lindane.  The  percent  recoveries 
for  lindane  were  37%  and  36%,  below  the  USEPA  control  limit  of  46%.  Lindane 
was  not  detected  in  any  groundwater  samples.  Based  on  these  data,  lindane 
reporting  limits  for  groundwater  samples  collected  during  this  RI  may  be  biased 
low.  Acceptable  recoveries  for  all  other  pesticide  and  PCBs  indicate  there  was  no 
matrix  effects  and  the  data  is  acceptable. 

D.3.1.3  USEPA  Methods 

Matrix  spike  recoveries  for  water  quality  parameter  analyzed  by  USEPA  methods 
were  evaluated  for  groundwater.  The  matrix  recoveries  for  soil  were  also 
evaluated  for  TOC,  TPH  as  gasoline,  and  diesel,  and  TPHC. 
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For  water  quality  parameters  of  hardness,  nitrate  and  nitrite-nitrogen,  kjeldahl- 
nitrogen,  and  total  phosphate,  the  USEPA  CLP  control  limits  for  inorganic  spikes 
(75%  -  125%  recovery)  were  used  for  guidance.  Professional  judgement  was  used 
when  evaluating  the  organic  parameters  TOC  and  TPHC.  The  MS/MSD 
recoveries  for  these  parameters  were  evaluated  on  a  sample  by  sample  basis  and 
are  discussed  below. 

Groundwater.  One  groundwater  sample  from  AOC  57  (MX5703X3)  was  spiked 
for  hardness,  nitrogen  and  phosphate  for  matrix  evaluation.  Spike  sample 
recoveries  for  total  phosphate,  nitrate  and  nitrite-nitrogen,  and  kjeldahl-nitrogen 
were  within  the  established  control  limits  indicating  good  accuracy. 

According  to  the  data  downloaded  from  IRDMIS,  percent  recoveries  for  hardness 
reported  for  Lot  ZKGN  exceeded  the  control  limits.  However,  the  high 
recoveries  are  believed  to  be  erroneous  due  to  a  unit  conversion  error  samples  in 
this  lot.  Corrective  action  for  this  discrepancy  is  currently  ongoing.  Qualification 
groundwater  data  based  on  spike  recoveries  was  not  conducted. 

Soil.  Two  MS/MSD  soil  samples  (EX573106  and  BX570905)  from  AOC  57  were 
spiked  and  analyzed  for  matrix  effects  on  concentrations  of  TPH  as  diesel  and 
gasoline  by  USEPA  Method  8015.  The  spike  recovery  range  for  these  samples 
was  69.7%  to  134.2%.  Based  on  these  results,  recoveries  are  within  an  acceptable 
range  for  TPHC  data  analyzed  by  USEPA  Method  8015. 

A  total  of  three  spiked  soil  sample  pairs  were  analyzed  for  TPHC  by  USEPA 
Method  9071.  These  samples  included  two  soil  samples  from  AOC  57  (EX573106 
and  BX570905)  and  one  from  AOC  69W  (BXZW0310).  Spike  recoveries  ranged 
from  95.4%  to  100.1%  with  the  exception  the  MS  recovery  in  AOC  57  soil  sample 
EX573106.  The  MS  and  MSD  recoveries  reported  for  this  sample  were  2.5%  and 
4.0%,  respectively.  The  low  spike  recovery  reported  in  sample  EX573106  is 
attributed  to  sample  heterogeneity  between  the  spike  and  unspiked  samples  and 
no  site  wide  qualification  of  TPHC  results  was  done.  TPHC  results  in  sample 
EX573106,  are  considered  estimated  and  biased  low.  Sample  EX573106  had 
18,300  /xg/g  of  TPHC  reported  in  the  original  sample. 

One  soil  sample  (BX570914)  from  AOC  57  was  spiked  for  TOC  analysis.  The 
recovery  of  this  spiked  sample  was  .  92.2%  and  107.6%  in  the  MS  and  MSD 
fractions,  respectively,  indicating  acceptable  method  performance. 
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D.3.2  SURROGATE  RECOVERIES 

In  addition  to  matrix  spikes,  the  recovery  of  surrogate  standards  were  also  used  to 
assess  matrix  effects  and  accuracy  of  the  analytical  data.  Surrogate  standards 
were  used  for  VOC,  SVOC,  pesticide  and  PCB  analyses  and  were  added  to  all 
soil  and  groundwater  samples  prior  to  analysis. 

D.3.2.1  SVOC 

The  SVOC  surrogate  standards  used  to  evaluate  matrix  effects  and  analytical 
accuracy  included  2-fluorophenol,  phenol-D6,  2,4,6-tribromophenol,  nitrobenzene- 
D5,  2-fluorobiphenyl,  and  terphenyl-D14.  Recovery  criteria  for  these  surrogates, 
are  taken  from  analytical  USEPA  CLP  protocols  (USEPA,  1994)  and  the  Fort 
Devens  Project  Operations  Plan  (ABB-ES,  1995)  and  are  presented  Table  D-12. 
All  SVOC  surrogate  recovery  data  for  the  1996  Fort  Devens  Site  Investigations 
are  presented  in  Table  D-13. 

Interpretations  on  data  usability  were  based  on  guidance  outlined  in  the  USEPA 
Region  I  Functional  Guidelines  for  Data  Validation  (USEPA,  1988).  According 
to  this  guidance  SVOA  sample  results  are  judged  based  on  independent 
evaluations  of  surrogate  recoveries  for  acid  fraction  compounds  and  base-neutral 
compounds.  Each  fraction  has  three  surrogates.  The  acid  fraction  surrogates 
include  2-flourophenol,  phenol-D6,  and  2,4,6-tribromophenol.  The  base-neutral 
surrogate  standards  include  nitrobenzene-D5,  2-flourobiphenyl,  and  terphenyl- 
D14.  SVOA  positive  results  are  considered  estimated  values  if  two  or  more 
surrogates  in  either  the  acid  or  base-neutral  fraction  are  outside  the  recovery 
limits.  Positive  results  are  considered  estimated  values  and  negative  (non-detect) 
results  are  considered  as  unusable  (rejected)  if  any  surrogate  is  less  than  ten 
percent  recovery  for  the  associated  fraction. 

All  SVOA  samples  were  evaluated  using  the  criteria  outlined  above.  Sample 
results  were  identified  as  usable,  estimated,  or  rejected  based  on  the  USEPA 
Region  I  Guidelines.  Data  bias  was  identified  if  trends  in  surrogate  recoveries  for 
individual  samples  indicated  low  or  high  bias. 

Groundwater.  All  SVOC  results  for  groundwater  samples  meet  the  USEPA 

surrogate  standard  recovery  guidelines  .and  are  considered  acceptable . 

Qualification  of  the  groundwater  data  was  not  required. 
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Soil.  Four  soil  samples  had  recoveries  of  surrogate  standards  outside  the  USEPA 
CLP  guidelines  shown  in  Table  D-12.  However,  qualification  of  data  was  not 
required  because  there  was  only  one  surrogate  outlier  from  either  acid  or  base- 
neutral  fractions.  All  SVOC  results  for  soil  samples  are  considered  acceptable 
based  on  surrogate  standard  recoveries. 

D .3.2.2  VOCs 

All  VOC  surrogate  recovery  data  for  the  Fort  Devens  Site  Investigations  are 
presented  in  Table  D-14.  Surrogate  standards  used  for  volatile  organics  include 
l,2-dichloroethane-D4,  4-bromoflourobenzene,  and  toluene-D8.  The  criteria  used 
for  interpreting  surrogate  data  are  taken  from  analytical  USEPA  CLP  protocols 
(USEPA,  1994)  and  the  Fort  Devens  Project  Operations  Plan  (ABB-ES,  1995) 
and  are  presented  in  Table  D-15.  Interpretations  on  data  usability  were  based  on 
guidance  outlined  in  the  USEPA  Region  I  Functional  Guidelines  for  Data 
Validation  (USEPA  1988).  According  to  the  guidelines,  positive  results  are 
considered  estimated  values  if  one  or  more  surrogate  standard  per  sample  is 
outside  the  recovery  limits.  If  any  surrogate  standard  is  recovered  at  less  than  ten 
percent,  positive  results  are  considered  estimated  values  and  non-detect  results 
are  rejected  and  considered  unusable. 

All  VOC  samples  were  evaluated  using  the  criteria  outlined  above.  Sample 
results  were  identified  as  usable,  estimated,  or  rejected  based  on  the  USEPA 
Region  I  Guidelines.  Data  bias  was  identified  if  trends  in  surrogate  recoveries  for 
individual  samples  indicated  low  or  high  bias. 

VOC  soil  and  groundwater  surrogate  recovery  data  indicate  the  overall  accuracy 
of  the  GC/MS  method  used  for  VOC  analyses  was  acceptable. 

Groundwater.  The  surrogate  recoveries  for  groundwater  samples  at  AOCs  57  and 
69W  were  evaluated  for  matrix  effects  and  accuracy  of  the  analytical  data.  All 
groundwater  had  surrogate  recoveries  within  the  USEPA  CLP  criteria  indicating 
acceptable  method  performance.  Qualification  of  groundwater  data  was  not 
required. 

Soil.  The  recovery  of  surrogate  standard  l,2-Dichloroethane-D4  in  soil  sample 
BX571010  from  AOC  57  exceed  the  upper  control  limit.  The  surrogate  recovery 
was  126%.  Detected  concentrations  of  VOCs  in  this  sample  would  be  qualified  as 
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estimated  and  potentially  biased  high  based;  however,  no  VOC  were  detected  in 
this  sample. 

The  recovery  of  surrogate  standard  4-bromoflourobenzene  in  soil  samples 
EX572810  and  EX573006  from  AOC  57  exceeded  the  upper  control  limit.  The 
recoveries  were  176%  and  182%,  respectively,  compared  to  the  upper  control 
limit  of  121%.  Positive  results  for  2-hexanone,  ethylbenzene,  tetrachloroethene, 
and  xylenes  in  sample  EX572810  and  2-hexanone  and  xylenes  in  sample 
EX573006  are  judged  as  estimated  and  biased  high  based  on  elevated  surrogate 
recoveries. 

D.3.2.3  Pesticide/PCBs 

All  pesticide  surrogate  recovery  data  for  the  Fort  Devens  Site  Investigations  are 
presented  in  Table  D-16.  Surrogate  standards  used  for  pesticide  and  PCB 
analyses  include  tetrachlorometaxylene  and  decachlorobiphenyl.  The  surrogate 
recovery  control  limits  of  30%  to  150%  specified  in  the  USEPA  CLP  Guidelines 
(USEPA,  1994)  were  used  as  guidance  in  evaluating  surrogate  spike  recoveries  in 
soil  and  groundwater  samples. 

Interpretations  on  data  usability  were  based  on  guidance  outlined  in  the  USEPA 
Region  I  Functional  Guidelines  for  Data  Validation  (USEPA,  1988).  According 
to  the  guidelines,  professional  judgement  should  be  used  do  determine  if 
recoveries  reported  below  or  above  the  control  limits  require  qualification. 

All  Pesticide  and  PCB  sample  data  were  evaluated  using  this  criteria. 

Sample  results  were  identified  as  usable,  estimated,  or  rejected  based  on  the 
USEPA  Region  I  Guidelines. 

Groundwater.  The  pesticide  and  PCB  surrogate  recoveries  for  groundwater 
samples  at  AOCs  57  and  69W  were  evaluated  for  matrix  effects  and  accuracy  of 
the  analytical  data.  All  surrogate  recoveries  for  tetrachlorometaxylene  were 
within  the  USEPA  CLP  control  limits  and  are  considered  acceptable. 

Several  groundwater  samples  had  recoveries  of  decachlorobiphenyl  below  the 
USEPA  control  limits.  The  outlier  recoveries  for  this  surrogate  standard  ranged 
from  13.9%  to  18.4%  for  the  PCB  method  and  14.6%  to  28.6%  in  the  pesticide 
method.  Low  recoveries  for. decachlorobiphenyl  were  reported  for  the  following 
AOC  57  samples:  MD5711X1,  MX5711X1,  MX5712X1  from  the  PCB  fractions 
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and;  MX5713X1,  MX5703X3  from  the  pesticide  fraction.  Reporting  limits  and 
detected  concentrations  results  for  pesticides  and  PCBs  in  these  samples  would  be 
qualified  as  estimated  and  potentially  biased  low  based  on  low  surrogate 
recoveries.  Pesticides  and  PCBs  were  not  detected  in  these  soil  samples,  and 
reporting  limits  are  considered  estimated. 

Soil.  All  surrogate  recoveries  reported  for  the  pesticide  method  in  soil  samples 
were  within  the  USEPA  CLP  control  limits  and  are  considered  acceptable. 

Outlier  RPDs  for  both  surrogate  standards,  tetrachlorometaxylene  and 
decachlorobiphenyl,  were  reported  for  the  PCB  method  for  AOC  57  soil  samples. 

Samples  with  decachlorobiphenyl  recoveries  below  the  control  limit  included 
AOC  57  samples  EX572810,  EX573006,  and  EX573106.  The  surrogate  recoveries 
in  these  samples  were  15%,  15%,  and  19.6%,  respectively.  Based  on  these  results, 
Aroclor  1242  and  Aroclor  1248  in  these  three  samples  and  Aroclor  1260  in 
sample  EX572810  are  considered  estimated  and  potentially  biased-low  values. 

Soil  samples  BX570805,  BX570905,  BX570800,  BX570805,  and  had  high  surrogate 
recoveries  of  decachlorobiphenyl.  The  recoveries  for  these  samples  ranged  from 
157.4%  to  182.9%.  Based  on  these  results,  Aroclor  1242  and  Aroclor  1248  in 
these  four  soil  samples  are  considered  estimated  and  potentially  biased-high 
values. 

All  other  soil  samples  had  surrogate  recoveries  within  the  USEPA  CLP  guidelines 
and  are  considered  acceptable. 
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D.4.0  PRECISION 


Precision  is  a  measure  of  the  reproducibility  of  the  analytical  results  under  a  given 
set  of  conditions.  It  is  a  quantitative  measure  of  the  variability  of  a  group  of 
measurements  compared  to  their  average  value.  Precision  is  measured  as  the 
relative  percent  difference  (RPD)  between  a  sample  and  its  duplicate,  as  is 
calculated  for  field  duplicate  samples,  and  matrix  spike/matrix  spike  duplicate 
samples.  The  following  equation  is  used  to  calculate  the  RPD. 


RPD  =  100  X - 1 — — 

0.5  (D1+Z>2) 

Dj  and  D2  are  the  reported  concentrations  for  sample  duplicate  analyses. 

When  evaluating  precision  for  organic  analyses,  the  RPDs  of  the  field  duplicates 
are  compared  to  the  acceptance  criteria  of  50%  RPD  for  soil  matrices  and  30% 
RPD  for  water  matrices  (USEPA,  1988).  In  cases  where  one  organic  result  is 
non-detect,  the  CRL  value  was  used  to  calculate  the  RPD.  The  acceptance 
criteria  for  inorganic  analysis  for  field  duplicate  samples  only  applies  to  analytes 
that  are  greater  than  5  times  the  CRL  (USEPA,  1989). 

Precision  is  also  evaluated  by  comparison  of  MS  and  MSD  results.  The  USEPA 
CLP  control  limits  were  used  to  evaluate  duplicate  precision  between  MS  and 
MSDs.  In  cases  where  USEPA  CLP  control  limits  for  spikes  are  not  available, 
such  as  inorganics  and  various  USEPA  analytical  methods,  the  control  limits  for 
field  duplicates  listed  above  were  used  as  guidance. 

A  discussion  of  the  RPDs  for  field  duplicates  is  presented  below  in  Section  D.4.1, 
and  the  RPDs  for  MS/MSDs  are  presented  in  Section  D.4.2. 


D.4.1  OFF-SITE  LABORATORY  FIELD  DUPLICATE  RESULTS 

Field  duplicate  samples  from  AOCS  57  and  69W  at  Fort  Devens  were  collected  to 
measure  the  sampling  and  analytical  precision  for  the  analyses  performed  at  the 
off-site  laboratory.  Soil  and  groundwater  duplicate  samples  were  analyzed  for  the 

Harding  Lawson  Associates 


Appendix-D 

W0029712.080 


D-16 


9144-03 


APPENDIX  D 


following  Fort  Devens  PAL  analytes:  inorganics;  VOCs;  SVOCs;  pesticide  and 
PCBs,  and  TPH.  Groundwater  field  duplicate  samples  were  also  analyzed  for 
various  water  quality  parameters  including  hardness,  phosphate  and  nitrogen  and 
soil  duplicate  samples  were  analyzed  for  TOC  and  TPHC. 

All  field  duplicate  data  collected  during  the  1996  Fort  Devens  Site  Investigation  is 
shown  in  Table  D-18.  The  RPD  has  been  calculated  for  each  pair  of  field 
duplicates. 

D.4.1.1  Inorganics 

An  analysis  of  the  precision  of  the  inorganic  duplicate  data  was  completed  for 
each  PAL  element. 

Groundwater.  One  sample  duplicate  pair  (MX5711X1  and  MD5711X1)  from 
AOC  57  was  collected.  The  RPDs  of  inorganic  concentrations  for  duplicates 
ranged  from  1.5%  to  21.6%  indicating  excellent  sampling  and  analytical  precision. 
All  field  sample  duplicate  RPDs  were  within  the  USEPA  Region  I  limits. 

Soil.  One  sample  duplicate  pair  from  AOC  57  was  collected.  Calcium  was  the 
only  element  for  which  the  duplicate  RPD  (78.5%)  exceeded  the  USEPA 
Region  I  control  limit  of  50%  RPD.  In  general,  the  RPDs  between  field 
duplicates  indicated  good  precision.  Soil  sample  data  for  inorganic  elements  was 
considered  acceptable  based  on  duplicate  precision  results. 

D.4.1.2  VOCs 

Groundwater.  One  groundwater  sample  field-duplicate  from  AOC  57  was 
collected.  Detected  target  compounds  included  1,2-DCE,  ethylbenzene,  toluene, 
trichloroethene,  and  tetrachloroethene.  The  RPDs  ranged  from  0%  to  18.4%  and 
were  well  within  the  USEPA  Region  I  guidelines  (30%).  The  duplicate  data  for 
VOCs  indicate  good  precision  of  the  aqueous  VOC  concentrations. 

Soil.  One  sample  duplicate  pair  from  AOC  57  was  collected.  With  the  exception 
of  methylene  chloride  and  l,l,2-trichloro-l,2,2-trifluoroethane,  there  were  no 
target  VOCs  detected  in  groundwater  sample  duplicates.  The  RPDs  for  all  VOC 
results  were  below  the  USEPA  Region  I  limit  (50%)  with  the  exception  of 
methylene  chloride  at  79.1%  RPD.  However,  methylene  chloride  is  considered  a 

Harding  Lawson  Associates 


Appendix-D 

W0029712.080  9144-03 


D-17 


APPENDIX  D 


common  laboratory  contaminant  so  it’s  presence  in  these  samples  may  not  be  site 
related.  No  qualification  of  the  precision  of  results  was  performed. 

D.4.1.3  SVOCs 

Groundwater.  The  RPD  for  duplicates  for  one  groundwater  sample  pair  from 
AOC  57  was  evaluated.  Most  target  SVOCs  concentrations  were  reported  as  non- 
detect  in  both  the  sample  and  sample  duplicate,  resulting  in  acceptable  agreement 
between  results.  Target  SVOCs  detected  include  1,2,3-trimethylbenzene,  1,2- 
dichlorobenzene,  l-ethyl-4-methylbenzene,  naphthalene,  and  bis(2- 
ethylhexyl)phthalate.  RPDs  for  1,2-dichlorobenzene,  l-ethyl-4-methylbenzene,  and 
naphthalene  were  within  limits  ranging  from  10.5  to  27.6.  The  sample  duplicate 
RPD  for  1,2,3-trimethylbenzene  in  samples  MX5711X1  and  MD5711X1  was 
46.2%,  exceeding  the  precision  control  limit  of  30%.  The  concentration  of  1,2,3- 
trimethylbenzene  in  sample  MX5711X1  is  considered  an  estimated  value.  The 
outlier  RPD  for  bis(2-ethylhexyl)phthalate  is  not  considered  significant  because 
this  compound  is  a  considered  a  potential  laboratory  contaminant. 

Soil.  The  RPDs  of  SVOC  concentrations  for  one  duplicate  soil  sample  from 
AOC  57  was  evaluated.  The  samples  evaluated  were  BX571110  and  duplicate 
sample  BD571110.  There  were  no  target  SVOCs  detected  in  either  soil  sample 
indicating  excellent  agreement  for  non-detected  target  compounds. 

D.4.1.4  Pesticide/PCBs 

Groundwater.  One  groundwater  field  duplicate  was  collected  from  AOC  57.  The 
samples  evaluated  were  MX5711X1  and  duplicate  sample  MD5711X1.  All  results 
were  reported  as  non-detect  indicating  excellent  agreement  for  non-detected 
target  compounds. 

Soil.  One  field  duplicate  soil  sample  was  collected  from  AOC  57  for  pesticides 
and  PCBs.  The  samples  evaluated  were  BX571110  and  duplicate  sample 
BD571110.  All  results  were  reported  as  non-detect  indicating  excellent  agreement 
for  non-detected  target  compounds. 


Harding  Lawson  Associates 


Appendix-D 

W0029712.080 


D-18 


9144-03 


APPENDIX  D 


D.4.1.5  Other  Methods 

An  evaluation  of  duplicate  results  for  various  water  quality  parameters  obtained 
using  non-USAEC  performance  demonstrated  methods  was  conducted.  Duplicate 
soil  samples  were  analyzed  for  TOC  and  TPHC.  A  discussion  of  precision 
between  sample  duplicates  analyzed  for  these  parameters  is  presented  below. 

Groundwater.  Two  groundwater  duplicate  samples,  representing  one  sample  from 
each  AOC  were  evaluated.  The  RPD  reported  for  hardness  for  groundwater 
sample  MX5711X1  and  the  sample  duplicate  MD5711X1  from  AOC  57  was 
34.2%,  just  above  the  USEPA  Region  I  control  limit  of  30%.  However,  the  RPDs 
for  the  other  groundwater  duplicate  pair  was  3.1%  indicating  excellent  precision. 
As  discussed  in  Section  D.3.1.3,  the  data  downloaded  from  IRDMIS  shows 
hardness  concentrations  for  samples  in  Lot  ZKGN  that  are  believed  to  be 
erroneous  due  to  a  unit  conversion  error.  Corrective  action  for  this  discrepancy  is 
currently  ongoing. 

Additional  parameters  evaluated  for  precision  in  groundwater  include  TSS, 

TPHC,  total  phosphate,  nitrate  and  nitrite-nitrogen,  and  nitrogen  by  the  kjeldahl 
method.  With  the  exception  of  TSS  data,  all  results  had  RPDs  within  control 
limits  demonstrating  consistency  for  the  method  and  matrix.  The  RPD  for  TSS  in 
groundwater  sample  MDZW19X1  and  the  sample  duplicate  MXZW19X1  from 
AOC  69W  was  66.7%.  Concentrations  of  TSS  were  only  slightly  greater  than  the 
RLs,  and  no  qualification  of  data  usability  was  done.  The  RPD  for  the  other 
groundwater  duplicate  pair  was  3.9%,  indicating  acceptable  precision. 

Soil.  Soil  sample  duplicate  pairs  BX571110  and  BD571110  from  AOC  57,  and 
samples  BXZW0306  and  BDZW0306  from  AOC  69W  were  evaluated  for 
precision  of  TPHC  (Method  9071)  data.  The  TPHC  results  for  the  soil  sample 
and  duplicate  pair  from  AOC  57  were  35.4  ng/g  and  a  non-detect  value  of  less 
than  27.8  /xg/g.  Similarly,  the  TPHC  results  in  the  AOC  69W  sample  duplicate 
pair  were  57.5  /xg/g  and  less  than  20.9  /xg/g.  Variability  of  results  found  in  this 
soil  sample  duplicate  pair  may  be  attributed  to  sample  heterogeneity.  These 
results  indicate  variability  of  TPHC  at  concentrations  at  or  near  the  reporting 
limits,  and  that  TPHC  results  in  soil  should  be  considered  estimated. 
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D.4.2  OFF-SITE  LABORATORY  SPIKE  DUPLICATE  RESULTS 

All  spike  duplicate  data  and  the  corresponding  RPDs  for  the  1996  Fort  Devens 
'  Site  Investigation  are  presented  in  Table  D-10.  The  RPDs  for  spike  duplicates 
were  calculated  for  hardness,  TPHC,  TOC,  inorganics,  and  pesticide/PCBs.  The 
results  were  compared  to  the  USEPA  CLP  control  limits  (USEPA,  1988)  to 
determine  if  results  were  acceptable.  Samples  with  RPDs  for  spike  samples 
outside  control  limits  are  discussed  below.  For  most  fractions  which  exhibited 
RPDs  outside  the  established  QC  limits,  qualification  of  the  data  was  not 
required. 

D.4.2. 1  Inorganics 

Elements  were  spiked  into  groundwater,  surface  water,  soil  and  sediment  samples 
to  evaluate  precision.  The  USEPA  CLP  guidelines  do  not  specify  limits  for  spike 
RPDs  for  elements.  As  a  result,  the  RPD  control  limits  for  laboratory  duplicates 
of  25%  in  water  samples  and  35%  in  soil  samples  specified  in  the  USEPA 
Region  I  Guidelines  (USEPA,  1988)  were  used  as  guidance. 

Groundwater.  Two  groundwater  samples  from  AOC  57,  MX5710X1  and 
MX5703X3  were  evaluated  for  precision  based  on  spiked  samples.  The  RPDs  for 
elements  in  spiked  groundwater  samples  ranged  from  0.2%  to  10.5%.  These 
results  were  within  the  USEPA  guidelines  indicating  acceptable  precision  between 
results. 

Soil.  Soil  sample  BX570905  from  AOC  57  were  assessed  for  spike  duplicate 
precision.  The  RPDs  for  all  elements  ranged  from  0.1%  to  12.4%  with  the 
exception  of  iron  and  aluminum.  Aluminum  and  iron  RPDs  were  193.6%  and 
198.1%,  respectively.  However,  as  discussed  in  Section  D.3.1.1,  the  spike 
concentrations  low  relative  to  the  concentrations  present  in  the  unspiked  sample 
making  the  comparison  invalid.  The  RPD  results  for  elements  in  soil  samples 
were  considered  acceptable  indicating  good  method  performance. 

D.4.2.2  Pesticides/PCBs 

Pesticide  and  PCB  compounds  were  spiked  in  duplicate  into  groundwater  and  soil 
samples  to  evaluate  precision.  Nine  target  pesticide  and  two  PCB  compounds 
were  used  as  spikes  including  endosulfan  I,  endosulfan  II,  aldrin,  dieldrin,  endrin, 
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heptachlor,  isodrin,  lindane,  methoxychlor,  4,4’-DDT,  aroclor  1016,  and  aroclor 
1260.  The  USEPA  CLP  control  limits  for  pesticides  are  shown  in  Table  D-17. 

The  USEPA  CLP  guidelines  do  not  specify  limits  for  spike  RPDs  for  endosulfan  I, 
endosulfan  II,  isodrin,  and  PCBs.  For  these  compounds,  the  RPD  control  limits 
for  field  duplicates  of  30%  in  water  samples  specified  in  the  USEPA  CLP 
Guidelines  (USEPA,  1994)  were  used.  Spiked  soil  samples  were  not  analyzed  for 
pesticides  and  PCBs  during  this  investigation. 

Groundwater.  One  groundwater  sample  MX5703X3,  from  AOC  57,  was  spiked 
with  target  pesticides  and  PCBs.  The  RPDs  for  pesticides  ranged  from  0.3%  to 
18.9%  and  PCBs  ranged  from  5.1%  to  17.2%.  TTiese  results  were  all  within  the 
USEPA  control  limits  described  above.  These  results  indicate  excellent  precision 
between  sample  results. 

D.4.2.3  Other  USEPA  Methods 

Precision  for  spiked  samples  was  also  evaluated  for  various  water  quality 
parameters  including  hardness,  total  phosphate,  nitrate  and  nitrite-nitrogen,  and 
kjeldahl-nitrogen  in  water  samples,  and  TPHC  and  TOC  in  soil  samples.  USEPA 
CLP  guidelines  for  evaluating  spike  duplicate  RPDs  for  these  parameters  are  not 
available.  The  USEPA  Region  I  control  limits  for  field  duplicates  30%  in  water 
and  50%  in  soil  were  used  to  compare  RPDs  between  spiked  samples. 

Groundwater.  One  groundwater  sample  MX5703X3  from  AOC  57  was  spiked  in 
duplicate  for  the  water  quality  parameters  listed  above  to  evaluate  precision.  All 
RPDs  between  the  MS  and  MSDs  were  less  than  the  30%  control  limit  indicating 
excellent  method  performance. 

Soil.  Soil  samples  from  AOC  57  (BX570914)  were  spiked  in  duplicate  for  TOC  to 
evaluate  precision.  Samples  EX573106,  BX570905  from  AOC  57,  and 
BXZW0310  from  AOC  69W  were  spiked  in  duplicate  for  TPHC  analysis  by 
USEPA  Method  9071.  All  RPDs  between  the  MS  and  MSDs  were  less  than  the 
50%  control  limit  indicating  acceptable  method  performance  for  TOC  and  TPHC 
(Method  9071). 

Two  soil  samples  from  AOC  57  (EX573106  and  BX570905)  were  spike  in 
duplicate  to  evaluate  precision  for  TPHC  as  diesel  and  gasoline  (USEPA 
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Method  8015).  The  RPDs  of  soil  samples  for  TPHC  as  gasoline  were  within  the 
USEPA  control  limits  indicating  acceptable  precision. 

The  RPD  for  TPHC  as  diesel  fuel  (63.3%)  exceeded  the  50%  control  limits  in 
sample  EX573106.  Diesel  was  not  detected  in  either  sample.  RPD  for  TPH  as 
diesel  in  the  second  soil  duplicate  pair  was  2.6%  indicating  excellent  agreement 
between  results.  Based  on  duplicate  spike  data,  TPH  results  (USEPA  Method 
8015)  for  soil  samples  overall  are  acceptable  and  no  qualification  of  the  use  of 
TPH  diesel  results  was  done. 
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ATTACHMENT  D-l 

PROJECT  CHEMIST  REVIEW  SUMMARY 
MADEP  VOLATILE  PETROLEUM  HYDROCARBON  (VPH)  AND 
EXTRACTABLES  PETROLEUM  HYDROCARBONS  (EPH)  METHODS 

AOC  69W 

FORT  DEVENS,  AYER  MASSACHUSETTS 


Introduction 


This  memo  summarizes  the  ABB-ES  chemist  review  of  the  analytical  results 
generated  by  Groundwater  Analytical  for  VPH  and  EPH  analyses  for  Ft.  Devens 
Task  001  Modification  (1996).  The  VPH  and  EPH  methods  were  conducted  as 
outlined  in  accordance  with  Massachusetts  Department  of  Environmental 
Protection  (MADEP,  1995a;  MADEP,  1995b). 

The  data  review  summaries  below  discuss  the  control  elements  to  which  the  data 
were  evaluated.  The  data  that  are  available  for  review  included:  method  control 
blanks,  laboratory  control  samples,  duplicates,  matrix  spikes/matrix  spike 
duplicates,  holding  times  and  a  %  surrogate  recovery. 

Extractable  Petroleum  Hydrocarbons 

Method  Control  Blanks 

The  method  demonstrated  no  evidence  of  contamination  of  EPH  or  any  of  the 
targeted  polynuclear  aromatic  hydrocarbon  analytes. 

Laboratory  Control  Samples 

The  laboratory  control  sample  analyses  demonstrated  percent  recovery  values 
within  the  specified  acceptable  ranges. 
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Duplicates 

One  field  duplicate  sample  was  analyzed;  no  EPH  or  targeted  polynuclear 
aromatic  hydrocarbon  analytes  were  detected.  The  results  of  the  sample  sets  were 
'  non-detects.  In  general,  the  duplicate  results  indicate  good  precision  of 
measurement  was  obtained  for  the  EPH  sample  analyses.  These  results  indicated 
agreement  for  absence  of  EPH,  however,  evaluations  of  precision  for  positive 
detection  EPH  was  not  possible. 

Matrix  Spike/  Matrix  Spike  Duplicates 

Two  matrix  spike/matrix  spike  duplicate  pairs  were  analyzed.  All  target 
compounds  with  the  exception  of  naphthalene  met  the  quality  control  limits  for 
one  set  of  spikes.  The  associated  samples  had  no  detection  of  naphthalene  and 
were  not  qualified.  Although  naphthalene  recovery  of  one  set  was  outside  the 
desired  recovery  range  and  the  RPD  result  (RPD=37)  slightly  exceeded  the  30% 
goal,  the  balance  of  analytes  results  indicate  good  precision  was  achieved. 

Holding  Times  . 

All  holding  and  extraction  time  limits  established  for  sample  analysis  were  met. 

%  Surrogate  recoveries 

All  surrogate  recoveries  were  within  the  acceptance  criteria  of  60-140%. 

Data  Quality  Objectives  (DOOs) 

DQOs  are  based  on  the  premise  that  different  data  uses  require  different  levels  of 
data  quality.  Data  quality  refers  to  the  degree  of  uncertainty  of  analytical  data 
with  respect  to  precision,  accuracy,  representativeness,  completeness,  and 
comparability  (PARCC).  These  objectives  are  established  based  on  site 
conditions,  the  purpose  of  the  field  program,  and  the  knowledge  of  the 
measurement  systems  used  for  generation  of  the  analytical  data. 

No  major  quality  control  problems  were  observed  during  the  data  validation 
process  which  would  affect  the  usability  of  the  sample  results.  A  discussion  of  the 
laboratory  data  quality  as  it  relates  to  the  PARCC  objectives  is  presented  below. 

Precision  and  Accuracy 

Precision  refers  to  the  reproducibility  of  a  measurement  under  certain  specified 
conditions,  and  accuracy  measures  the  bias  associated  with  the  sampling  and 
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analysis  process.  Precision  and  accuracy  are  affected  by  both  field  and  laboratory 
conditions.  Precision  was  monitored  through  the  analysis  of  field  and  laboratory 
blanks,  matrix  spikes,  and  surrogate  spikes.  The  Massachusetts  Department  of 
Environmental  Protection  protocols  used  for  the  analysis  of  samples  define  the 
criteria  for  acceptable  precision  and  accuracy.  No  major  precision  and  accuracy 
problems  were  observed  which  would  affect  usability. 

Representativeness 

Measurements  are  made  so  that  the  results  obtained  are  representative  of  the 
sampling  population,  the  medium  (e.g.,  soil,  groundwater,  sediment,  etc.)  and  the 
site  conditions.  The  sampling  protocols  were  developed  to  ensure  that  the 
samples  were  representative  of  the  media,  that  sampling  locations  were  properly 
selected,  and  that  a  sufficient  number  of  samples  were  collected.  Sample  handling 
protocols  (chain-of-custody,  storage,  and  transportation)  were  adequate  to 
preserve  the  sample  integrity.  Proper  documentation  established  that  the  correct 
protocols  had  been  followed.  Co-located  samples  (field  duplicates)  were  also 
collected  to  assess  representativeness,  and  no  major  problems  were  observed 
which  would  affect  usability. 

Completeness 

The  characteristic  of  completeness  is  regarded  as  providing  the  results  of  all 
samples  in  the  data  reporting  format  outlined  in  the  VPH  and  EPH  methods  of 
Massachusetts  Department  of  Environmental  Protection.  The  completeness 
requirement  for  sample  analysis  has  been  met  for  this  program. 

Comparability 

The  characteristic  of  comparability  reflects  both  the  internal  consistency  of 
measurements  and  the  expression  of  results  in  units  which  are  consistent  with 
other  organizations  reporting  similar  data.  Each  value  reported  for  a  given 
measurement  should  be  similar  to  other  values  within  the  same  data  set  and  with 
other  related  data  sets.  Comparability  was  assured  through  use  of  standardized 
sampling  procedures  and  the  use  of  VPH  and  EPH  methods  of  Massachusetts 
Department  of  Environmental  Protection  analytical  methods. 
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Table  D-i 

Summary  of  Analytical  Parameters 

AOC  57  and  69 W  Remedial  Investigation 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 
(Soil/ Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 

Army-Certified 

Reporting 

Limit 

PH 

Water 

No  Certified  Method 

150.1 

Measured  in  Reid 

N/A 

Temperature 

Water 

No  Certified  Method 

170.1 

Measured  in  Reid 

N/A 

Turbidity 

Water 

No  Certified  Method 

180.1 

Measured  in  Reid 

N/A 

Conductivity 

Water 

No  Certified  Method 

120.1 

Measured  in  Reid 
Electrode 

N/A 

RedOX 

Water 

No  Certified  Method 

SM  2580b 

Measured  in  Reid 

N/A 

Total  Suspended 
Solids 

Water 

No  Certified  Method 

160.2 

Gravimetric 

4000  //g/L 

Total  Dissolved 
Solids 

Water 

No  Certified  Method 

160.1 

Gravimetric 

10,000 //g/L 

Total  Organic 

Carbon 

Soil 

No  Certified  Method 

SW  9060 

Infrared 

360  /vg/g 

Water 

No  Certified  Method 

SW  9060 

Infrared 

1000 //g/L  U 

Nitrate/Nitrite 

Water 

TF22 

351.2 

Colorimetric 

10 //g/L 

Hardness 

Water 

N/A 

130.2  or  SM2340B 

Titration  or 
Calculation 

1000 //g/L 

TKN  (Kjeldahl) 

Water 

No  Certified  Method 

351.2 

Calorimetric 

183 //g/L 

Total  Petroleum 

Water 

No  Certified  Method 

418.1 

Infrared 

167  //g/L 

Hydrocarbons 

Soil 

No  Certified  Method 

SW  9071  /  418.1 

Infrared 

21  //g/g 

Aluminum 

Water 

SS18 

200.7 

ICP 

141  //g/L 

Soil 

JS16 

SW  6010 

ICP 

14-1  //g/g 

Antimony 

Soil 

JS16 

SW  6010 

ICP 

7.14 //g/g 

Water 

SD28 

- 

GFAA 

3.03  //g/L 

Soil 

JD25 

- 

GFAA 

1.09 //g/g 

Arsenic 

Water 

SD22 

206.2 

GFAA 

2.54  //g/L 

Soil 

JD19 

SW  7060 

GFAA 

0.25  //g/g 

Barium 

Water 

SS18 

200,7 

ICP 

2.5 //g/L 

Soil 

JS16 

SW  6010 

ICP 

5.91  //g/g 
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Appendix  D-3 
Table  D-l 

Summary  of  Analytical  Parameters 

AOC  57  and  69W  Remedial  Investigation 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 

Army-Certified 

Reporting 

Limit 

Beryllium 

Water 

SS18 

200.7 

ICP 

5.0  //g/L 

Soil 

JS16 

SW  6010 

ICP 

0.5  //g/g 

Cadmium 

Water  . 

SS10 

200.7 

ICP 

3.01  //g/L 

Soil 

JS16 

SW  6010 

ICP 

0.7 //g/g 

Calcium 

Water 

SS18 

200.7 

ICP 

1000 //g/L 

Soil 

JS16 

SW  6010 

ICP 

100 //g/g 

Chromium 

Water 

SS18 

200.7 

ICP 

6.96  //g/L 

Soil 

JS16 

SW  6010 

ICP 

4.05  //g/  g 

Cobalt 

Water 

SSI  8 

200.7 

ICP 

50 //g/L 

Soil 

JS16 

SW  6010 

ICP 

1.42  //g/g 

Copper 

Water 

SS18 

200.7 

ICP 

5  P9/L 

Soil 

JS16 

SW  6010 

ICP 

0.965  //g/g 

Iron 

Water 

SSI  8 

200.7 

ICP 

36.8  //g/L 

Soil 

JS16 

SW  6010 

ICP 

3.68  //g/g 

Lead 

Soil 

JS16 

SW  6010 

ICP 

10.5 //g/g 

Soil 

JD17 

SW  7421 

GFAA 

0.177  //g/g 

Water 

SD20 

239.2 

GFAA 

1.26  //g/L 

Magnesium 

Water 

SSI  8 

200.7 

ICP 

1000 //g/L 

Soil 

JS16 

SW  6010 

ICP 

100 //g/g 

Manganese 

Water 

SS18 

200.7 

ICP 

2.5  //g/L 

Soil 

JS16 

SW  6010 

ICP 

2.05  //g/g 

Mercury 

Water 

SB01 

245.1 

CVAA 

0.243 //g/L 

Soil 

JB01 

SW  7471 

CVAA 

0.05  //g/g 

Nickel 

Water 

SSI  8 

200.7 

ICP 

7.1 1  //g/L 

Soil 

JS16 

SW  6010 

ICP 

i.7i  //g/g 
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Appendix  D-3 
Table  D-l 

Summary  of  Analytical  Parameters 


AOC  57  and  69 W  Remedial  Investigation 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 

Method 

Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 

Army-Certified 

Reporting 

Limit 

Potassium 

Water 

SSI  8 

200.7 

icp 

1000  ^g/L 

Soil 

JS16 

SW  6010 

ICP 

100/yg/g 

Selenium 

Water 

SD21 

270.2 

GFAA 

3.02  fjg/L 

Soil 

JD15 

SW7740 

GFAA 

0.25  yg/g 

Silver 

Water 

SD23 

272.2 

GFM 

0.25  fjg/L 

Soil 

JD18 

SW  7761 

GFM 

.025  fjg/g 

Water 

SSI  8 

200.7 

ICP 

4.42  fjg/L 

Soil 

JS16 

SW  6010 

ICP 

0.589  /jg/g 

Sodium 

Water 

SS18 

200.7 

ICP 

2290  pg/L  ^ 
100^/g/g  ™ 

Soil 

JS16 

SW  6010 

ICP 

Thallium 

Water 

SD09 

279.2 

GFM 

6.99  fjg/L 

Soil 

JD24 

SW846 

7841 

GFM 

0-5  pg/g 

Vanadium 

Water 

SSI  8 

200.7 

ICP 

4.69  //g/L 

Soil 

JS16 

SW  6010 

ICP 

3.39  /jg/g 

Zinc 

Water 

SSI  8 

200.7 

ICP 

35.8  fjg/L 

Soil 

JS16 

SW  6010 

ICP 

8.03  fjg/g 

Semivoiatile  Organic 
Compounds 

Water 

UM18 

625 

Extraction, GC/MS 

See  POP 

Soil 

LM18 

SW  8270 

Extraction, GC/MS 

See  POP 

Volatile  Organic 
Compound 

Water 

UM20 

624 

Purge  and  Trap, 
GC/MS 

See  POP 

Soil 

LM19 

SW  8240 

Purge  and  Trap, 
GC/MS 

See  POP 

Pesticides/PCBs 

Water 

UH13/UH02 

608 

Extraction,  GC 

See  POP 

Soil 

LH10/LH16 

SW  8080 

Extraction,  GC-EC 

See  POP 
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Appendix  D-3 
Table  D-l 

Summary  of  Analytical  Parameters 

AOC  57  and  69 W  Remedial  Investigation 
Fort  Devens,  Massachusetts 


Parameter 

Matrix 

(Soil/Water) 

USAEC 
Method  ; 
Number 

Equivalent 

USEPA 

Method 

Number 

Method 

Description 

Laboratory/ 

Army-Certified 

Reporting 

Limit 

GRO 

Water 

No  Certified  Method 

Modified  8015 

GC/FID 

400  jug/L 

Soil 

No  Certified  Method 

Modified  8015 

GC/FID 

8pg/g 

DRO 

Soil 

No  Certified  Method 

Modified  8015 

GC/FID 

8pg/g 

Notes: 

POP 

sw 

GRO 

DRO 


Project  Operations  Plan;  Fort  Devens,  Massachusetts,  Data  item  A004/A006;  U.S.  Army  Environmental  Center;  Aberdeen  Proving 
Ground,  Maryland;  May  1995. 

EPA'Test  Methods  for  Evaluating  Solid  Wastes",  SW-846,  September  1986 
Gasoline  Range  Organics 
Diesel  Range  Organics 


Source:  ESE,  1991. 
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METHOD  BLANKS  (WATER) 
FT.  DEVENS  DV4  1996 
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FT.  OEVENS  DV4  1996 
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Appendix  D-3 
Table  D-3 

Elements  Detected  in  Soil  Method  Blanks 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 

Frequency  of 
Detection 

Concentration 

Range 

fcg/g) 

CRL 

fag/g) 

Aluminum 

i/i 

636 

14.1 

Barium 

i/i 

13.4 

29.6 

Calcium 

i/l 

421 

3.05 

Lead 

l/l 

.649 

1.26 

Copper 

i/i 

1.01 

58.6 

Iron 

i/i 

1160 

42.7 

Potassium 

i/i 

215 

37.5 

Magnesium 

i/i 

202 

50.0 

Manganese 

i/i 

27.3 

0.275 

Harding  Lawson  Associates 
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Appendix  D-3 
Table  D-4 

VOCs  Detected  in  Method  Blanks  for  Soil 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 

Frequency  of 
Detection 

Concentration 
■  Range 
fag/g) 

CRL 

fog/g) 

Target  VOCs 

Acetone 

1/3 

0.017 

0.017 

Methylene  Chloride 

3/3 

0.0015  -0.0039 

0.012 

VOC  TICs 

T  richlorofluoromethane 

1/3 

0.011 

NA 

Appendix-D 

W0029712.080 
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Appendix  D-3 
Table  D-5 

•  SVOCs  Detected  in  Soil  Blanks 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Concentration 


COMPOUND 

Frequency  of 
Detection 

Range 

0*9/9) 

CRL 

(pg/g) 

SVOC  TICs 

Dioctyl  adipate 

1/3 

3 

Not  determined 

heptacosane 

2/3 

0.3 

Not  determined 

Appendix-D 

W0029712.080  9144-03 


Appendix  D-3 
Table  D-6 

Pesticides  Detected  in  Method  Blanks  for  Water 


1995  AOC  57  AND  69 W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Compound 


Frequency  of 
Detection 


Concentration 

Range 

faj/L) 


CRL 

Gvg/L) 


Malathion 


Not  Available 


arding  Lawson  Associates 
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Appendix  D-3 
Table  D-7 

Pesticides  Detected  in  Method  Blanks  for  Soil 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Concentration 

Frequency  of 

Range 

CRL 

Compound 

Detection 

H/L) 

(#/g/L) 

alpha-Chlordane 

1/2 

0.00596 

0.005 

gamma-Chlordane 

2/2 

0.00655  -  0.0108 

0.005 

larding  Lawson  Associates 
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Appendix  D-3 
Table  D-ll 

Elements  with  Matrix  Spike  Recoveries  in  Soil 
Outside  USEPA  Criteria 

1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Element 


Frequency  of  Recovery  Outside 
USEPA  CLP  Limits 


Recovery  Range 


Mercury 

Arsenic 

Manganese 


52.7  -  68.1 


Appendix  D-3 
Table  D-12 

USEPA  CLP  Surrogate  Recovery  Criteria  for  SVOCS 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Surrogate 

Percent  Recovery  Limits  for 
Water 

Percent  Recovery  Limits 
for  Soil 

2-Fluoropheno! 

21%  to  100% 

25%  to  121% 

Phenol-D6 

10%  to  94% 

24%  to  113% 

2,4,6-T  ribromophenol 

10%  to  123% 

19%  to  122% 

Nitrobenzene-D5 

35%  to  114% 

23%  to  120% 

2-Fluorobiphenyl 

43%  to  116% 

30%  to  115% 

Terphenyl-Dl4 

33%  to  141% 

18%  to  137% 
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Table:  D-14 
FT.  DEVENS  DV4  1996 
VOLATILE  SURROGATES 
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Appendix  D-3 
Table  D-15 

USEPA  CLP  Surrogate  Recovery  Criteria  for  YOCS 


1995  AOC  57  AND  69W  REMEDIAL  INVESTIGATION 
Fort  Devens,  Massachusetts 


Surrogate 

Percent  Recovery  Limits  for 
Water 

Percent  Recovery  limits 
for  Soil 

1 ,2-Dichloroethane-D4 

76%  to  114% 

70%  to  121% 

4-Bromofluorobenzene 

86%  to  1 15% 

74%  to  121% 

Toluene-D8 

88%  to  110% 

81%  to  117% 
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Appendix  D-3 
Table:  D-18 

FIELD  DUPLICATE  RESULTS 
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FT.  DEVENS  DV4  1996 
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1.0  INTRODUCTION 

This  Quality  Control  Summary  Report  (QCSR)  provided  a  summary  of  quality  control 
sample  measurement  associated  with  field  sampling  and  analysis  activities  conducted 
during  the  1998  Supplemental  Field  Investigation.  Samples  were  analyzed  at  on-site  and 
off-site  laboratories.  Data  quality  objectives  and  analytical  methods  for  the  1998 
investigation  are  the  same  as  those  described  in  Appendix  D-2  and  Appendix  D-3  for  the 
1996  investigation.  During  the  1998  program,  on-site  analyses  included  only  Total 
Recoverable  Petroleum  Hydrocarbon  (TPHC)  analysis.  Off-site  analyses  included  a 
subset  of  inorganics  (As,  Ba,  Cu,  Mn,  Pb,  Sb,  Se,  and  Zn),  volatile,  semivolatiles, 
pesticides,  PCBs,  TPHC,  and  Total  Suspended  Solids. 


2.0  OFF-SITE  DATA  QUALITY  CONTROL  REVIEW 

Quality  control  sample  data  associated  with  the  off-site  analytical  program  include 
method  blanks,  field  QC  blanks  (rinse  blanks  and  trip  blanks),  field  duplicates,  matrix 
spike/matrix  spike  duplicates  (MS/MSD).  Surrogate  recovery  data  for  volatile, 
semivolatiles,  pesticides,  and  PCB  analyses  were  also  reviewed.  Data  quality 
interpretations  were  based  on  Quality  Control  limits  specified  by  USEPA  (USEPA,  1994; 
USEPA,1996;  USEPA,  1989).  With  the  exception  of  the  items  listed  below,  all  analytical 
results  generated  during  the  field  investigation  met  project  QC  goals  and  are  usable 
without  qualification.  No  results  were  rejected  based  on  the  QC  review.  A  subset  of 
results  are  considered  estimated  values. 


2.1  Method  Blanks 

Method  blanks  results  are  summarized  in  Table  D-l  and  Table  D-2.  With  the  exception 
of  the  semivolatile  compound  bis(2-ethylhexyl)phthalate  at  29  ug/L,  and  the  metal 
manganese  at  11  gg/L,  target  analytes  were  not  reported  in  aqueous  method  blanks. 
These  results  indicate  the  laboratory  was  free  of  laboratory  introduced  contamination  for 
the  majority  of  aqueous  target  analytes.  Similar  concentrations  of  bis(2- 
ethylhexyl)phthalate  and  manganese  in  aqueous  samples  may  represent  laboratory 
contamination. 
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A  small  subset  of  target  analytes  were  detected  in  soil  method  blanks  including  TPHC  at 
36.5  gg/g,  barium  (8.31  gg/g),  manganese  (21.2  gg/g),  alpha-chlordane  (.0058  -  .0082 
gg/g),  gamma-chlordane  (.0092  -  .013  gg/g),  diacetone  alcohol  as  a  semivolatile 
tentatively  identified  compound.  With  the  exception  of  the  above  analytes,  the  laboratory 
soil  analyses  were  free  of  laboratory  introduced  contamination.  Similar  concentrations 
of  the  analytes  listed  above  in  soil  samples  may  represent  laboratory  introduced 
contamination. 


2.2  Rinse  Blanks 

Rinse  blank  results  are  summarized  in  Table  D-3.  With  the  exception  of  low 
concentrations  of  arsenic  (2.93  gg/L)  and  manganese  (6.28  gg/L),  no  other  target  analytes 
were  detected  in  rinse  blanks.  These  results  indicate  that  field  sampling  processes  did  not 
contribute  to  sample  contamination  for  the  majority  of  target  analytes.  The  low 
concentration  of  arsenic  and  manganese  in  the  rinse  blanks  is  not  interpreted  to  have  an 
impact  on  sample  data  usability. 


2.3  Trip  Blanks 

Trip  blank  results  are  summarized  in  Table  D-4.  No  target  compounds  were  detected  in 
any  of  the  three  trip  blanks  associated  with  this  data  set.  These  results  indicate  that  no 
cross  contamination  of  samples  occurred  during  shipment  and  storage. 


2.4  Surrogate  Recoveries 

Surrogate  data  were  reviewed  for  all  volatile  (Table  D-5),  semivolatile  (Table  D-6),  and 
pesticide  and  PCB  (Table  D-7)  analyses.  Surrogate  recoveries  were  compared  to  limits 
specified  in  the  USEPA  Contract  Laboratory  Program  (CLP). 

Volatiles 


Surrogate  recoveries  for  all  aqueous  samples  were  within  CLP  limits  indicating  usable 
results  were  obtained  for  all  water  samples.  Surrogate  recoveries  were  within  limits  for 
all  soils  with  the  exception  of  DX570600  (57D-98-06X)  and  DX570800  (57D-98-08X) 
which  had  high  recoveries  of  one  of  three  surrogates.  No  volatile  target  analytes  were 
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reported  in  sample  DX570800.  Results  for  benzene,  chlorobenzene,  and  toluene  in 
samples  DX570600  are  potentially  biased  high. 

Semivolatiles 


Surrogate  recoveries  for  all  soil/sediment  samples  were  within  CLP  limits  indicating 
usable  results  were  obtained.  With  the  exception  of  water  samples  WX570300  (57W-98- 
03X)  and  WX570400  (57W-98-04X),  all  surrogate  recoveries  for  water  samples  met 
USEPA  guidelines.  Low  recoveries  (28%  -  30%)  were  reported  in  two  base/neutral 
surrogates  for  samples  WX570300  (57W-98-03X)  and  WX570400  (57W-98-04X) 
indicating  a  low  bias  for  base/neutral  compounds  in  these  samples.  All  non-detect  and 
detected  results  for  these  samples  are  considered  estimated  and  potentially  biased  low. 

Pesticides 


With  the  exception  of  water  sample  MX570200  (57W-98-02X),  sediment  sample 
DX570500  (57D-98-05X),  and  soil  samples  SX570302  (57S-98-03X)  and  SX570701 
(57S-98-07X),  all  samples  had  surrogate  recoveries  within  CLP  limits.  Low  recoveries 
were  observed  in  the  samples  listed  above,  and  all  results  for  pesticides  in  water  sample 
MX570200  (57W-98-02X),  sediment  sample  DX570500  (57D-98-05X),  and  soil  samples 
SX570302  (57S-98-03X)  and  SX570701  (57S-98-07X)  are  considered  estimated  and 
potentially  biased  low. 

PCBs 


Surrogate  recoveries  for  all  soil/sediment  samples  were  within  CLP  limits  indicating 
usable  results  were  obtained.  With  the  exception  of  water  sample  WX570400  (57W-98- 
04X)  with  low  recoveries  (19%  -  29%),  all  water  sample  recoveries  were  within  CLP 
limits.  All  results  for  water  sample  WX570400  (57W-98-04X)  are  considered  estimated 
and  potentially  biased  low. 


2.5  Matrix  Spike  Results 

Matrix  spike  data  were  reviewed  for  TOC,  TPHC,  and  inorganics  (Table  D-8). 
Recoveries  for  all  spike  analytes  were  within  USEPA  Region  I  limits  of  75%-125%  for 
inorganic  parameters  with  the  exception  of  TOC,  arsenic,  and  antimony  in  soils.  TOC 
recoveries  were  130%  and  206%.  Arsenic  recoveries  ranged  from  27%  to  148%.  The 
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spike  concentration  of  TOC  and  arsenic  in  the  matrix  spikes  was  relatively  low  compared 
to  the  concentrations  reported  in  the  original  samples.  No  data  use  qualifications  were 
applied  to  the  TOC  or  arsenic  data  based  on  these  results.  Antimony  recoveries  in  two 
sets  of  MS/MSD  samples  ranged  from  33%  -  56%.  Based  on  these  results  all  antimony 
soil  results  are  for  method  JS16  are  considered  to  be  estimated  and  potentially  biased  low. 


2.6  Field  Duplicate  Results 

One  water  duplicate  MX571 1XX  and  one  soil  duplicate  SX570700  were  collected  during 
the  1998  program.  Duplicate  results  are  presented  in  Table  D-9  and  Table  D-10. 
Relative  percent  difference  (RPD)  of  results  was  compared  to  USEPA  Region  I  goals  of 
30%  for  waters  and  50%  for  soils. 

Inorganics 

All  soil  results  were  within  USEPA  limits.  Results  for  barium  and  copper  in  water 
sample  MX571 1XX  exceeded  limits.  Results  for  copper  included  detection  at  8.54  pg/L 
and  a  non-detect  at  <5  pg/L.  No  data  qualification  was  done  because  the  detected 
concentration  only  slightly  exceeded  the  reporting  limit.  Results  for  barium  in  all  water 
samples  should  be  considered  estimated  values. 

Pesticides/PCBs 


Results  for  all  aqueous  samples  were  reported  as  non-detects  with  agreement  between 
duplicates  for  absence  of  contamination.  Target  analytes  DDT  and  aroclor  1260  were 
reported  in  the  soil  duplicate  with  RPDs  within  USEPA  limits  indicating  good 
precision. 

Semivolatiles 


No  target  compounds  were  reported  in  the  soil  duplicate  pair.  The  compounds  1,2- 
di chlorobenzene,  1,4-dichlorobenzene,  and  naphthalene  were  detected  in  the  aqueous 
samples.  RPDs  for  all  results  exceeded  the  USEPA  limits;  however,  concentrations  were 
low  (<7  pg/L)  relative  to  reporting  limits  and  no  qualification  of  data  was  done  based  on 
these  duplicate  results. 
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Volatiles 


With  the  exception  of  acetone  in  the  soil  duplicate,  no  VOCs  were  reported  in  soil 
samples  demonstrating  agreement  for  the  absence  of  contamination.  Acetone  was 
reported  at  a  concentration  slightly  greater  than  the  reporting  limit,  and  it  was  not 
interpreted  to  be  a  site  related  compound. 

A  number  of  target  compounds  were  reported  in  the  water  duplicate  pair.  Detections 
include  1,2,4-trimethylbenzene,  ethylbenzene,  xylenes,  trichloroethene,  and 
tetrachloroethene.  All  RPDs  were  within  USEPA  limits  indicating  excellent  precision  for 
the  sample  pair. 

Total  Suspended  Solids 

One  aqueous  duplicated  pair  was  collected.  An  RPD  of  191  was  observed  in  the  data  set 
indicating  a  large  difference  in  results.  These  data  indicate  that  all  TSS  data  should  be 
considered  estimated. 

TPHC 

One  soil  duplicated  pair  was  collected.  An  RPD  of  108  was  observed  in  the  data  set 
indicating  a  large  difference  in  results.  These  data  indicate  that  all  off-site  soil  TPHC 
data  should  be  considered  estimated. 


2.7  Tentatively  Identified  Compounds  (TICs) 

A  subset  of  samples  had  non-target  compounds  reported  as  tentatively  identified 
compounds  (TICs)  in  the  VOA  and  SVOA  data.  TICs  are  summarized  on  Table  D-l  1. 

The  majority  of  SVOA  non-target  compounds  were  reported  as  unknowns.  TICs 
included  alkanes  (Cl 6  -C29),  B-sitosterol,  and  alpha-pinene.  Sediment  and  soil  samples 
contained  numerous  unknowns  ranging  in  total  concentration  per  sample  from  <5  pg/g  to 
171  pg/g.  The  B-sitosterol,  and  alpha-pinene  are  interpreted  to  represent  natural 
organics.  The  alkanes  and  unknowns  may  represent  fuel  related  contamination. 
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No  TICs  were  reported  in  VOA  soils.  A  number  of  fuel  related  hydrocarbons  were 
reported  in  aqueous  samples  including  light  alkanes,  alkyl-substituted  benzenes,  and 
cyclohexanes  which  are  indicators  of  possible  gasoline  contamination. 


3.0  ONSITE  DATA  QUALITY  CONTROL  REVIEW 

The  1998  field  program  included  the  on-site  analysis  of  soil  samples  for  Total  Petroleum 
Hydrocarbons  using  a  Modified  USEPA  Method  418.1  methodology.  The  data  use 
objectives  for  the  program  was  to  provided  data  on  the  presence  or  absence  of 
hydrocarbon  contamination  use  in  direction  of  the  sampling  program.  Field  data  were 
used  to  locate  explorations  and  select  samples  for  off-site  analysis.  Data  quality  was 
assessed  by  evaluation  of  comparability  of  on-site  results  to  split  samples  analyzed  at  the 
off-site  laboratory. 


3.1  Data  Comparison  and  Evaluation 

Comparability  of  the  data  was  evaluated  to  determine  if  results  were  usable  for  defining 
the  presence/absence  and  relative  concentrations  of  TPH  using  the  on-site  data.  Relative 
percent  difference  (RPD)  calculations  were  used  to  determine  the  comparability  of  the  on- 
site/off-site  results.  Results  of  the  on-site/off-site  analyses  are  summarized  on  Tables  1-4 
and  1-5. 

Soil  Matrix 


Fourteen  soil  split  samples  were  submitted  for  off-site  TPH-IR  analysis.  Split  sample 
data  for  TPH  is  presented  for  soil  matrices  on  Table  I  -4 

Sediment  Matrix 


Eight  sediment  samples  were  submitted  for  off-site  TPH-IR  analysis.  Split  sample  data 
for  TPH  is  presented  for  sediment  matrices  on  Table  I  -5. 

3.1.1  Split-Sample  Comparison  Conclusions 

There  was  a  high  degree  of  correlation  between  the  on-site  and  off-site  laboratories 
relative  to  soil  and  sediment  data.  Comparison  of  the  on-site/off-site  soil  results  indicate 
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that  100  percent  of  the  calculated  soil  sample  results  agree  within  the  100  percent  RPD 
requirement  set  forth  by  the  USEPA  for  field  duplicates  (USEPA,  1996).  The  remaining 
two  soil  samples  were  a  duplicate  pair  (570700)  that  was  reported  below  the  reporting 
limit  of  the  on-site  lab  but  had  positive  detections  in  the  off-site  lab.  Evaluation  of  the 
on-site  results  indicate  that  the  sample  matrix  had  a  high  water  content,  25  percent  and  27 
percent  total  solids.  This  was  a  probable  interference  in  the  modified  extraction 
procedure  utilized  by  the  on-site  laboratory.  The  percent  difference  of  the  off-site 
duplicate  result  was  70  percent.  This  demonstrates  a  notable  variance  for  the  off-site 
results,  and  implies  a  high  degree  of  variation  within  the  homogeneity  of  the  sample 
matrix  for  this  sample. 

For  sediment  samples,  75  percent  of  calculated  RPDs  were  within  the  USEPA  field 
duplicate  limits.  Two  samples  that  exceeded  RPDs  of  100  had  higher  concentrations 
reported  at  the  on-site  laboratory.  These  results  indicate  a  possible  high  bias  at  the  on-site 
laboratory. 

Based  on  the  split  sample  results,  field  TPH  results  are  usable  for  the  determination  of 
presence/absence  and  relative  concentrations  of  TPH  in  the  soil  and  sediment  media. 

TABLE  D-4  Soil  Comparison 


570101 

570200 

570302 

570401 

570503 

570601 

570700 

1000 

1400 

14000 

680 

3200 

2500 

<800 

Off-site 

result 

393 

1150 

4620 

6170 

RPD 

87 

15 

6 

51 

59 

60 

* 

Sample 

ID 

570700D 

570701 

570900 

571301 

571401 

571503 

On-site 

result 

<740 

32000 

1500 

1600 

1200 

<270 

Off-site 

result 

1830 

17000 

494 

1930 

951 

895 

<27.9 

RPD 

* 

61 

0 

25 

51 

29 

eEBB 

*  Refer  to  “Split  Sample  Comparison  Conclusions”. 
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TABLE  D-5  Sediment  Comparison 
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TABLE  D-11 

SUMMARY  OF  TENTATIVELY  IDENTIFIED  COMPOUNDS 
AOC  57  1998  SUPPLEMENTAL  FIELD  INVESTIGATION 
DEVENS,  MASSACHUSETTS 


MEDIA 

SITE  ID 

FIELD  SAMPLE 
NUMBER 

PARAMETER 

NAME 

VALUE 

FLAG 

CODE 

SVOA 

57D-98-01X 

DX570100 

C29 

nonacosane 

mam 

S 

sediment 

UNK646-687 

unknown  (7) 

■n 

S 

(LM18) 

57D-98-02X 

DX570200 

hexadecanoic  acid 

1.6 

S 

heptacosane 

5.2 

S 

SMOLE 

sulfur 

2.1 

S 

UNK532-687 

unknown  (20) 

145 

S 

57D-98-03X 

DX570300 

C29 

nonacosane 

9.4 

S 

UNK644-687 

unknown  (12) 

45 

S 

57D-98-04X 

DX570400 

C29 

nonacosane 

13 

S 

PHENAA 

phenacetin 

1.3 

S 

UNK597-689 

unknown  (32) 

121 

S 

57D-98-05X 

DX570500 

hexadecane 

5.5 

S 

heptacosane 

7.4 

S 

SMOLE 

sulfur 

1.8 

S 

UNK51 7-695 

unknown  (18) 

54 

S 

57D-98-06X 

DX570600 

C29 

nonacosane 

7.2 

S 

UNK538-687 

unknown  (21) 

69 

S 

57D-98-07X 

DX570700 

3S5E3L 

13-sitosterol 

1.8 

S 

UNK597-687 

unknown  (30) 

97 

S 

57D-98-08X 

DX570800 

3S5E3L 

S-sitosterol 

.66 

S 

UNK61 2-687 

unknown  (21) 

31 

S 

SVOA 

57S-98-01X 

SX570101 

UNK636-695 

2 

S 

soils 

57S-98-02X 

SX570200 

UNK645-669 

59 

S 

(LM18) 

57S-98-03X 

SX570302 

UNK667 

unknown 

20 

S 

57S-98-05X 

SX570503 

UNK667 

unknown 

2 

S 

57S-98-06X 

SX570601 

UNK653-669 

unknown  (5) 

21 

s 

57S-98-07X 

SD570700 

ALPHPN 

alpha-pinene 

1 

SD 

C27 

heptacosane 

1.5 

SD 

UNK526-682 

unknown  (10) 

27 

SD 

57S-98-07X 

SX570700 

ALPHPN 

alpha-pinene 

10 

S 

UNK645-669 

unknown  (8) 

170 

S 

57S-98-07X 

SX570701 

UNK577-628 

50 

S 

57S-98-08X 

SX570800 

C29 

nonacosane 

11 

S 

UNK636-695 

unknown  (6) 

68 

S 

57S-98-09X 

SX570900 

UNK653-695 

unknown  (6) 

56 

S 

57S-98-13X 

SX571301 

UNK653 

unknown 

.8 

S 

57S-98-14X 

SX571401 

UNK667 

unknown 

1 

S 

57S-98-15X 

SX571503 

UNK695 

unknown 

.4 

S 

SVOA 

57M-96-11X 

MD5711XX 

UNK525-621 

unknown  (4) 

49 

SD 

water 

57M-96-11X 

MX5711XX 

ETC6H5 

ethylbenzene 

7 

S 

(UM18) 

PRC6H5 

propylbenzene 

4 

S 

UNK51 9-621 

unknown  (4) 

50 

S 

57P-98-02X 

MX5702XX 

UNK51 9-582 

unknown  (2) 

19 

S 

57P-98-03X 

MX5703XX 

PRC6H5 

propylbenzene 

5 

S 

UNK530-592 

unknown  (15) 

171 

S 

XYLEN 

xylene 

5 

S 

57W-98-05X 

WX570500 

UNK528-666 

unknown  (3) 

21 

s 

57tic2.xls 
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TABLE  D-11 

SUMMARY  OF  TENTATIVELY  IDENTIFIED  COMPOUNDS 
AOC  57  1998  SUPPLEMENTAL  FIELD  INVESTIGATION 
DEVENS,  MASSACHUSETTS 


MEDIA 

SITE  ID 

FIELD  SAMPLE 
NUMBER 

IRDMIS 
TEST  NAME 

PARAMETER 

NAME 

VALUE 

FLAG 

CODE 

57W-98-08X 

WX570800 

UNK662 

unknown 

4 

S 

VOA 

57M-96-11X 

MD5711XX 

124TMB 

1 ,2,4-trimethylbenzene 

20 

S 

water 

1E2MB 

1  -ethyl-2-methylbenzene 

20 

S 

(UM20) 

2MEPEN 

2-methylpentane 

10 

S 

3MEPEN 

3-methyIpentane 

30 

S 

CL2BZ 

chlorobenzene 

18 

S 

CYHX 

cyclohexane 

20 

S 

MECYPE 

methylcyclopentane 

20 

S 

NAP 

naphthalene 

10 

S 

PRC6H5 

propyibenzene 

10 

S 

UNK219 

unknown 

10 

S 

57M-96-11X 

MX5711XX 

124TMB 

1 ,2,4-trimethylbenzene 

20 

S 

1E2MB 

1  -ethyl-2-methylbenzene 

20 

S 

3MEPEN 

3-methylpentane 

10 

S 

CL2BZ 

chlorobenzene 

19 

S 

CYHX 

cyclohexane 

S 

INDAN 

indan 

10 

S 

MECYPE 

methylcyclopentane 

20 

S 

NAP 

naphthalene 

10 

S 

PCYMEN 

4-(1  -methyiethyl)toluene 

10 

s 

PRC6H5 

propyibenzene 

10 

s 

57P-98-03X 

MX5703XX 

124TMB 

1 ,2,4-trimethylbenzene 

70 

s 

1E2MB 

1-ethyl-2-methy!benzene 

10 

s 

INDAN 

indan 

s 

NAP 

naphthalene 

s 

UNK237 

unknown 

dHIH 

Notes: 

soils  =  pg/g  wates  =  pg/L 
S  =  non-target  compound;  D  =  duplicate 

Unknown  (#)  =  total  concentration  of  specified  number  of  unidentified  non-target  compounds 
SVOA  =  semivolatile  organic  analysis 
VOA  =  volatile  organic  analysis 
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APPENDIX  D-5 


1999  OFF-SITE  LABORATORY  DATA  (AREA  3  SOIL  REMOVAL) 
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APPENDIX  D-5 


A  data  quality  review  was  completed  on  analytical  data  collected  during  confirmation 
sampling  associated  with  the  AOC  57  Source  Area  3  Removal  Action.  Samples  were 
analyzed  for  extractable  petroleum  hydrocarbon  (EPH),  volatile  petroleum  hydrocarbon 
(VPH),  organochlorine  pesticides  by  USEPA  Method  8081,  and  polychlorinated 
biphenyls  (PCBs)  by  USEPA  Method  8082  (USEPA,  1996).  Soil  samples  were  analyzed 
for  EPH/VPH  using  Massachusetts  Department  of  Environmental  Protection  (MADEP) 
procedures  (MADEP,  1998).  Samples  were  analyzed  by  Katahdin  Analytical  Services  in 
Westbrook,  Maine.  Soil  samples  were  collected  during  field  investigations  completed  in 
March,  April,  and  June  1999.  Data  were  validated  to  evaluate  quality  control 
measurement  data  associated  with  the  laboratory  analytical  results,  and  to  determine  the 
usability  of  reported  results. 

Based  on  the  data  quality  review  described  below,  all  VPH/EPH  and  PCB  results  are 
considered  to  be  usable  for  quantitative  and  qualitative  assessment  of  the  presence  and 
concentration  of  specified  target  analytes.  Results  for  some  hydrocarbon  groups  and 
target  compounds  have  been  qualified  J  indicating  that  reported  results  are  interpreted  to 
be  estimated  values.  A  subset  of  pesticide  results  has  been  qualified  rejected  R  or 
estimated  J  due  to  poor  matrix  spike  performance.  Qualified  sample  results  are  discussed 
in  detail  below. 

Data  Review 


The  data  quality  review  was  performed  by  the  HLA  project  chemist  in  accordance  with 
reduced  data  validation  guidance  provided  by  the  USACE  New  England.  During  the 
validation  process,  the  major  QC  measurement  specified  in  the  analytical  data  sets  are 
evaluated.  Data  validation  actions  were  based  on  qualification  procedures  outlined  in  the 
USEPA  validation  guidance  documents  (USEPA,  1994).  The  following  QC  measurement 
and  method  requirements  were  evaluated: 

•  holding  time  compliance 

•  sample  shipping  and  custody  records 

•  laboratory  control  sample  (LCS)  results 

•  matrix  spike  (MS)  results 

•  surrogate  recoveries 

•  laboratory  and  field  QC  blank  results 

•  field  duplicate  results 
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VPH 


All  soil  samples  were  preserved  in  methanol  and  analyzed  within  the  28  day  holding  time 
specified  in  the  method.  No  target  analytes  were  reported  in  laboratory  method  blanks, 
trip  blanks,  or  rinse  blanks  associated  with  the  data  sets.  LCS  recoveries  and  duplicate 
data  associated  with  the  soil  samples  were  within  method  specified  limits  indicating  the 
analytical  method  was  in  control  during  the  analysis  of  all  samples  in  the  data  set.  No 
matrix  spike  analyses  were  completed  on  samples  in  the  data  set  due  to  lack  of  adequate 
volume  of  samples  supplied  to  the  laboratory.  With  the  exception  of  samples  discussed 
below,  surrogate  recoveries  were  within  method  specified  limits  for  all  samples. 

A  subset  of  samples  was  run  at  dilutions  due  to  the  presence  of  C9-C12  non-target 
compounds  in  the  sample  analysis.  Reporting  limits  for  BTEX  and  MTBE  were  elevated 
due  to  dilution  in  samples  EX57W11X,  EX57W14X,  EX57W15X  and  the  associated 
field  duplicate,  EX57W16X,  and  EX57W17X.  It  is  possible  that  BTEX  and  MTBE 
might  be  present  at  concentrations  below  these  elevated  reporting  limits;  however,  the 
overall  VPH  target  compound  results  suggest  that  the  contamination  is  primarily 
weathered  hydrocarbons  with  the  majority  of  BTEX  has  degraded. 

The  following  data  qualification  actions  and  data  use  considerations  should  be 
incorporated  into  assessments  made  with  this  data  set: 

1.  Aromatic  fractions  and  target  compound  results  in  samples  EX57W15X  and  the 
associated  field  duplicate,  and  EX57W  17X,  were  qualified  estimated  J  due  to 
surrogate  recovery  outside  the  method  specified  limits  of  70%-130%.  Surrogate 
recovery  for  the  aromatic  fraction  was  62%  -  67%  indicating  a  slight  low  bias  in 
the  results. 

2.  All  results  for  sample  EX57W13X  were  qualified  estimated  J  because  of 
surrogate  recovery  outside  the  method  specified  limits  of  70%-130%.  Surrogate 
recovery  for  the  aromatic  and  aliphatic  fractions  were  66%  -  69%  indicating  a 
slight  low  bias  in  the  results. 

3.  Results  for  the  C9-C10  aromatic  fraction  in  sample  EX57W  02X  and  the 
associated  duplicate  were  qualified  estimated  J  due  to  differences  in  the  field 
duplicate  results. 
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EPH 


All  samples  were  analyzed  within  the  14  day  soil  holding  time  specified  in  the  method. 

LCS  and  MS  recoveries,  and  duplicate  data  were  within  method  specified  limits  for  the 

majority  of  analytes  indicating  the  analytical  method  was  in  control  during  the  analyses. 

With  the  exception  of  two  samples  discussed  below,  surrogate  recoveries  were  within 

method  specified  limits  for  all  samples. 

The  following  data  qualification  actions  and  data  use  considerations  should  be 

incorporated  into  assessments  made  with  this  data  set: 

1.  Aromatic  fraction  and  target  compound  results  for  soil  sample  EX57W13X  were 
qualified  estimated  J  due  to  low  surrogate  recovery  (34%).  Results  for  these 
samples  are  considered  potentially  biased  low. 

2.  Aliphatic  fraction  and  target  compound  results  for  soil  sample  EX57W12X  were 
qualified  estimated  J  due  to  low  surrogate  recovery  (19%).  Results  for  these 
samples  are  considered  potentially  biased  low. 

3.  Naphthalene  results  for  a  subset  of  samples  were  qualified  estimated  J  due  to  low 
matrix  spike  recoveries  of  (31%  -  43%). 

4.  In  samples  EX57W02X,  EX57W06X,  EX57W08X,  and  EX57W12X  results 
reported  for  C19-C36  aliphatics  were  qualified  non-detect  U  due  to  similar 
concentrations  being  reported  in  the  laboratory  method  blank. 

Pesticides 


All  samples  were  analyzed  within  thel4  day  soil  holding  time  specified  in  the  method. 
LCS  recoveries,  and  duplicate  data  were  within  method  specified  limits.  All  reported 
surrogate  recoveries  were  within  method  limits.  Data  from  the  MS/MSD  pairs  analyzed 
with  each  of  the  3  data  delivery  groups  indicate  that  there  were  matrix  effects  limiting  the 
accuracy  of  the  pesticide  results.  Different  matrix  effects  were  observed  for  each 
MS/MSD  pair  including  inconsistent  low  and  high  recoveries  in  a  subset  of  the  target 
compounds.  In  two  of  three  MS/MSD  samples,  high  concentrations  of  PCBs  were 
present  in  the  samples  causing  interference  in  the  data.  No  clean  up  steps  were  taken 
during  the  analysis  of  these  samples.  It  is  possible  that  more  reliable  data  could  have 
been  obtained  if  clean  up  steps  including  Forisil  or  Silica  clean  ups  were  undertaken  at 
the  laboratory.  Results  were  qualified  based  on  USEPA  guidelines. 
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1.  Results  for  dieldrin,  4,4'-DDD,  4, 4' -DDT,  alpha-chlorodane,  beta-BHC, 
endosulfan  I  and  II,  endosulfan  sulfate,  endrin,  gama-BHC,  gama-chlordane,  and 
heptachlor  epoxide  were  qualified  estimated  J  in  a  subset  of  samples  due  to  matrix 
spike  recoveries  outside  limits. 

2.  A  subset  of  methoxychlor  results  were  rejected  R  due  to  low  MS  recoveries. 

PCBs 

All  samples  were  analyzed  within  the  14  day  soil  holding  time  specified  in  the  method. 
LCS,  MS,  surrogate  recoveries,  and  duplicate  data  were  within  method  specified  limits 
indicating  the  analytical  method  was  in  control  during  the  analyses.  No  data  qualification 
was  done  on  the  PCB  data  sets. 
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